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TRANSLATOR'S PREFACE TO THE FIRST EDITION. 


No apology is needed for presenting this translation of Ehrlich’s 
classic studies in immunity, for a thorough knowledge of the master’s 
work is indispensable to all workers in this field. 

Attention is called to the fact that the important work done since 
the publication of the German edition has been included by the 
addition of three chapters, two by Ehrlich and .Sachs and one, written 
expressly for this translation, by Prof. Ehrlich. The subject is thus 
brought up to about March, 1906. 

Charles Bolduan. 

PREFACE TO THE SECOND EDITION. 


The exhaustion of the first edition of this work affords tho 
translator the welcome opportunity to add, not only Professor 
Ehrlich’s new studies, but also some of his earlier papers which 
the recent publication of Bordet’s Studies on Immunity renders 
desirable. 

'The translator may be pardoned for a feeling of gratification 
at the cordial reception extended this book both by the medical 
press and the profession at large. The appreciation shown has 
made the arduous, and usually thankless, work of translation one 
of great pleasure. 

An exhaustive index* has been added to this edition and will, 
it is hoped, greatly enhance its value as a work of reference. 

For kind permission to reproduce articles from their publica¬ 
tions, thanks are due to Messrs. August Hirschwald, Georg Thieme, 
J. F. Lehmann, and Gustav Fischer. 

Charles Bolduan. 

New York, February 1, 1010. 
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PREFACE TO THE GERMAN EDITION. 


The present volume embraces the greater portion of the studies 
in immunity published during the past few years by myself and my 
collaborators. While the publication of these studies in a single 
volume meets the request of numerous workers in immunity, it is 
hoped that the collection will at the same time fulfill another purpose, 
namely, to show clearly that my theory of immunity rests on so 
broad an experimental basis that it is practically identical with a 
summary of generalizations derived from an enormous mass of experi¬ 
mental data. 1 

When Behring’s great discovery of antitoxin opened new paths 
for the study of immunity it was at once clear that further progress 
could be attempted in two ways. The first of these, having practical 
therapeutic results in mind, consists in bending all efforts to the pro¬ 
duction of various individual curative sera. The other method con¬ 
sists in seeking a deeper insight into the nature of immunity phe¬ 
nomena, and discovering the general principles underlying the same, 
for these in turn will aid practical progress. 

By pursuing the latter method it has been found that the immunity 
reaction is merely a repetition of certain processes of normal meta¬ 
bolism, and that what is apparently a wonderful adaptation to the 
purpose is nothing more than the ever-recurring manifestation of 
primeval wisdom inherent in the protoplasm. I have endeavored to 
establish this experimentally and to show that the bond between 

1 With a view of giving the reader a better idea of the technique ordinarily 
employed, and thereby to facilitate his introduction to this subject, I have had 
my colleagues, Dr. Morgenroth and Prof. Neisser, present the result of their ex¬ 
tensive technical experiences with haemolytic and bacteriolytic test-tube experi¬ 
ments, in two special chapters. (Chapters XXIX and XXX.) 






what are at first sight very dissimilar biological processes is really 
a conception of the simplest kind. 

The toxic metabolic products of bacteria, the artificially produced 
bacteriolysins, haemolysins, and cytotoxins, and the majority of the 
ferments, probably always produce their effects by the co-action of 
two active groups in the molecule. One of these effects the union 
with the substance to be acted upon, while the other really produces 
the characteristic effect. 

It is not surprising, in view of the enormous multiplicity of the 
vital phenomena, that this simple principle exhibits the greatest 
variations in individual cases. Certainly this corresponds entirely 
to what we constantly observe in the domain of biology. The cell, 
for example, occurs as a type in every living form, from the lowest 
plant to the highest animal. In principle it is ever the same; in the 
^details of its structure, however, it is of endless variety. 

But even from such complex phenomena as are exhibited, for 
♦example, by the artificially produced haemolysins, it is possible to 
♦develop the fundamental principles of my theory, and thereby give 
.a harmonious uniform explanation of the manifold phenomena with 
their peculiar specific relations. 

My theory has developed essentially on the basis of chemical 
'Conceptions. I have been more and more forcibly impressed with 
the idea that in a study of the fundamental biological phenomena, 
the significance of morphological structure is far less than the sig¬ 
nificance of the chemistry involved. It is obvious that in order to 
effect a given chemical process certain mechanical conditions must 
be fulfilled. In other words the production of any chemical action 
necessitates the presence and the suitable arrangement of apparatus. 
The essential feature, however, is neither apparatus nor form, but 
the constituents involved; for without changing the apparatus 
hundreds of different combinations can be effected according to the 
components employed. Similarly in biology I believe that the morpho¬ 
logical arrangement of the organs and cells is not the essential feature, 
but that this is rather to be sought for in chemical differences of the 
constituents. 

I am convinced that the influence exerted by my theory will 
extend far beyond the limits of pure immunity studies, and that it 
is of considerable significance for an appreciation of vital phenomena. 
■Furthermore, I believe that the theory is of great value in studying 
^certain phenomena which dominate all life, namely, intracellular 
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metabolism, especially its two main phases, anabolism and catabolism. 
It has been shown that the substances obtained by immunization 
are nothing but the tools of normal cell-life, tools which we.can thus 
isolate from their place of production and subject to an individual 
examination. This at once opens new paths for approaching the 
study of vital phenomena, which embraces not only the physiology 
and' pathology of metabolism, but also certain other physiological 
problems such as those of secretion, heredity, etc. 


At the recent Congress for Hygiene and Demography (Brussels), 
in which the chief problems of immunity were discussed, it was seen 
that my theory is not yet accepted by all the workers in this subject, 
there being still a few opponents. This was to be expected. Cer¬ 
tainly nothing is more desirable in all scientific problems than the 
expression of different opinions, for as a result of experimental studies 
they lead to a deeper insight into the subject in question. Hence 
it is largely the opposition of Bordet and other distinguished 
workers in the Pasteur Institute that has spurred us on in our experi¬ 
mental labors, and caused us to establish the amboceptor theory 
more firmly than ever. 

On the other hand it is very annoying when such authors as Gruber, 
who have absolutely no personal experience in the main questions, 
wage a bitter war merely because they have made a few literary 
studies; it is the more exasperating since they seek to make up the 
deficiencies in their arguments by the intensity and personality 
of their attacks. Such authors are in no position to correctly orientate 
themselves in the mass of true and false observations that each day's 
literature brings forth. 

It was a great pleasure, therefore, to see one of the founders of 
the doctrine of immunity, R. Pfeiffer, and that distinguished repre¬ 
sentative of Paltaufs Institute in Vienna, R. Kraus, express them¬ 
selves in favor of my theory. They confessed they had both really 
opposed the theory from the start, and that the main purpose in devis¬ 
ing their various experiments had been to show that it was untenable. 
Just these, however, had convinced them that the side-chain theory 
not only afforded the best explanation for their results, but had even 
enabled them to predict these results. The chief problems now 
under discussion are: (1) the constitution of active cytotoxic sub- 
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stances, whether or not they are made up of two parts possessing 
different functions; (2) the union of specific amboceptors with the 
complements; (3) the plurality of complements. I am convinced 
that the near future will furnish so many additional arguments for 
the correctness of my views that all of these questions, as well as 
numerous others, will be decided in my favor. And the decision, I 
believe, will not be merely in favor of my views in general, but will 
extend even to the details. 

In a way, therefore, my position is like that of a chess-player who, 
even though his game is won, is forced by the obstinacy of his opponent 
to carry it on move by move until the final “mate.” 


For the means to carry on these experiments, I am indebted first 
of all to the intelligent support which my scientific aims have received 
at the hands of my superiors, the Prussian Ministry of Education. 
I am especially grateful to the ministerial director, Dr. Althoff, who 
aided me in every way possible, and exerted himself to lighten my 
scientific labors. I may say that I was first spurred on to the im¬ 
munity studies contained in “Die Werthbemessung des Diphtherie- 
heilserums,” and which L have led to the formulation of the side-chain 
theory, by the remarks addressed to me by Dr. Althoff when the 
Institute was founded. It was he who begged that my first problem 
be an exhaustive study whereby the difficulties which had arisen 
in titrating and standardizing diphtheria antitoxin might be overcome. 
To this kind and able friend I have therefore dedicated this volume as 
a token of my gratitude and esteem. 

Paul Ehrlich. 

Frankfurt a. M., February 1904. 
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COLLECTED STUDIES IN IMMUNITY. 


I. CONTRIBUTIONS TO THE THEORY OF LYSIN 

ACTION . 1 

By Prof. Dr. P, Ehrlich and Dr. J. Morgenroth. 

One of the most important advances in the study of immunity 
is the discovery of Pfeiffer's phenomenon, and it is to Pfeiffer's 
splendid observations that we owe the first and most important 
insight into the mode of action of the bacteriolytic immune sera. 

As is well known, the phenomenon of bacteriolysis, first demon¬ 
strated by Pfeiffer in a guinea-pig immunized against cholera, con¬ 
sists in the immediate dissolution of cholera bacilli introduced into 
the abdominal cavity of the animal. The same takes place when 
the bacilli together with a small amount of immune scrum are intro¬ 
duced into the abdominal cavity of a normal guinea-pig. Subse¬ 
quently Metchnikoff (Annal. Inst. Pasteur, June 1895) showed that 
the phenomenon of bacteriolysis takes place also outside the animal 
body, in vitro, provided a small quantity of peritoneal exudate of 
a normal guinea-pig is added. Bordet (Annal, Inst. Pasteur, June 
1895) was thereupon able to show that the immune serum is able 
to effect bacteriolysis in vitro without any addition, provided that it 
is absolutely fresh. On standing it becomes inactive; but it may 
be reactivated by even very small amounts of normal serum. Pfeiffer's 
ideas as to the nature of bacteriolysis were formulated by him in a 
very clever theory which he published in 1896 (Deutsche med, Wo- 


1 Reprinted from Berl. klin. Wochenschr., 1899, No. 1. 
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chenschr., 1896, Nos. 7 and 8) and which is here reproduced only in 
its main features. 

The immunizing substances contained in cholera serum possess 
but feeble power to retard development. They are nothing but an 
antecedent form of substances developed in the peritoneum of the 
guinea-pig, specifically solvent for cholera vibrios. They are stored 
in the animal body in an inactive but stable form, somewhat as 
glycogen is stored in cell depots as an antecedent form of grape- 
sugar. When needed, these inactive substances of the serum can be 
converted into the specific active form through the active interference 
of the body-cells. This conversion can also be effected by the addi¬ 
tion of a suitable serum. In this added serum a certain “ something, 
present in very small amounts, effects the change, but is very soon 
used up in the process. In the animal body, on the other hand, 
this constituent is produced by the body-cells as long as the stimulus, 
caused by the presence of the cholera bacilli, lasts. The action of 
this substance is ferment-like. Bacteriolysis is also regarded as a 
ferment action, caused by ferments of a very peculiar kind. These 
ferments are fitted in an absolutely specific manner each to a single 
bacterial protoplasm, acting on this exactly as pepsin or trypsin acts 
on coagulated albumin. According to Pfeiffer, a somewhat distant 
analogy is seen in E. Fischer's yeast ferments, each of which can only 
split up a sugar of a definite composition. If this theory be correct, 
these specific ferments must exist in an active and an inactive modi¬ 
fication. 

Recently Bordet (Annal. Inst. Pasteur, Yol. 12, No. 10) pub¬ 
lished a series of experiments in which he showed that the laws which 
govern the specific bacteriolytic action of immune sera govern also 
certain specific solvent phenomena seen in red blood-cells. 

Bordet treated guinea-pigs with repeated injections of defibri- 
nated rabbit blood. The serum of animals so treated possesses the 
property of dissolving rabbit blood in vitro rapidly and with great 
intensity, whereas serum of normal guinea-pigs is unable to do this. 
Solution is preceded by a marked agglutination of the erythrocytes. 
On heating the specific serum for half an hour to 55° C. the haemolytic 
power is destroyed, while the agglutinating power remains. The 
serum thus inactivated can again be rendered active by the addition 
of a certain amount of normal guinearpig serum, and even of normal 
rabbit serum. The active guinea-pig serum has no effect on the 
red blood-cells of the guinearpig itself or on those of pigeons, but 
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acts, though to a less degree, on the blood-cells of rats and mice. 
The active guinea-pig serum injected into the ear-vein of a rabbit 
is highly toxic to that animal. 

The analogy existing between these phenomena and those of 
bacteriolysis is, as emphasized by Bordet, a very close one. This 
will be clear to the reader. Very likely, therefore, the mechanism 
of haemolysis and that of bacteriolysis are very similar. The study 
of haemolysis thus gains considerable theoretical significance. 

Being so fortunate as to have at our disposal a considerable amount 
of appropriate serum, we have used this in order to gain a deeper in¬ 
sight into the nature of haemolysis. This serum was derived from a 
goat which during eight months had been subcutaneously injected in 
somewhat irregular fashion with sheep serum rich in blood-corpuscles. 
The experiments were therefore made with sheep blood in the form 
of a 5% mixture of the defibrinated blood in 0.85% salt solution. 
By means of this great dilution certain sources of error arising from 
the constituents of the serum are avoided. These had manifested 
themselves in Bordet's experiments. 

The serum of our goat rapidly dissolves sheep blood-cells' in vitro. 
The degree of action of this serum can be accurately determined as 
follows: To each 5 cc. of the above-mentioned blood mixture decreas¬ 
ing amounts of the goat serum are added. It is then found that 
at 37° C. the specimens containing from 1.5 cc. to 0.8 cc. serum will 
become completely laky. After allowing all the specimens to act 
for two hours in a thermostat they are placed in a refrigerator and 
allowed to settle. It will then be found that there is a regular 
decrease in the amount of solution effected until finally the limit 
is reached in the specimen containing 0.1 cc. of serum. The serum 
of normal goats (we tried the sera of a number of different animals) 
is unable even in large amounts to dissolve sheep blood-cells. It 
is to be remarked that in the use of this immune serum in the amounts 
mentioned no clumping was ever observed to precede haemolysis, 
although this phenomenon was carefully looked for. 1 


1 The serum of normal goats in doses of 1.5 cc. and Over possesses the prop¬ 
erty to agglutinate sheep blood-cells, but this property seems to be subject 
to great individual and chronologic fluctuations. This agglutination of foreign 
bloods by certain normal sera, and which probably corresponds to the normal 
agglutinating action of sera on bacteria, was observed many years ago by 
Creite (Z. f. rat. Med., Vol. 36) and later was again emphasized by Landois 
(Die Transfusion des Blutes, 1875). 
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If the immune serum is heated to 56° C., it completely lc 
solvent action. The addition of serum of normal animals * 
inactivated serum causes it to be reactivated. For this purpo 
can use not only normal goat serum but also normal sheep 
though the latter acts somewhat more feebly. This power 
normal serum to reactivate an inactive immune serum is very i 
lost. Even when the serum is kept on ice and protected 2 
light it very soon shows a diminution of its reactivating powe 
uantitative experiments, therefore, the inactive (stable) in 
serum should always be reactivated by a perfectly fresh r 
serum. 

In haemolysis, as in Pfeiffer's bacteriolysis, we are therefore 
to assume the existence of two substances. One of these, s; 
and quite resistant (stable), we shall call the immune body, foil 
Pfeiffer's nomenclature. The other, normally present and 1 
labile (unstable), we shall for the present term addiment. 

Although our results in the main agree with those of B 
we must at once call attention to one difference in our observa 
As already mentioned, the action of our goat serum on the 
blood-cells is not preceded by any agglutination. From this 
that the agglutination cannot be considered a preparatory step 1 
sary for the haemolytic action, as Bordet seems to assume, 
specific agglutinin has no relation whatever to the haenn 
immune body. Similarly, according to the views of eminent 1 
riologists, the specific bacteriolytic substances have no relatk 
the agglutinins. The lysins may exist independently of the a 
tinins and these again independently of the bacterioloytic substa 
The reader is reminded of the interesting observations of PI 
and Kolle. These investigators described an immune serum v 
was strongly bacteriolytic but which did not at all agglutinate • 
tralblatt f. Bakt., 1896, Vol. XX, Nos. 4 and 5). On the other 1 
E. Frankel and Otto state that if a young dog be fed on typ 
cultures, the dog's serum will acquire agglutinating but not b 
riolytic properties. Similarly, if a frog is treated with typhoid be 
the frog serum will agglutinate such bacilli. They remain in 
lymph sac of the animal, however, not only alive but virulent. (V 
and Sicard, Comptes rend. Soc. de Biol., XI. 27-97). 

Pfeiffer's original theory .sought only to explain in general 
mode of action of the specific bacteriolysins. It did not cor 
itself with the questions how or where they originated. It we 
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order to throw some light on these problems that Ehrlich devised 
his side-chain theory. 

At first Ehrlich's theory was applied to the origin of the anti¬ 
toxins and to the chemical relation existing between the toxins and 
certain atomic groups of the protoplasmic molecule. Pfeiffer him¬ 
self applied the theory to the substances specifically bacteriolytic 
for cholera bacilli, and was able to demonstrate experimentally that 
the source of these bodies was in the spleen, the bone-marrow, and the 
lymph bodies (Pfeiffer and Marx, Zeitschr. f. Hyg., Vol. 37, 1898). 
Wassermann, who in his well-known tetanus experiments had fur¬ 
nished the first demonstration of the soundness of the side-chain 
theory, succeeded in showing the source of the specific typhoid 
bacteiiolysin. The study of these bacteriolytic processes brought up 
a number of important questions directly concerning the side-chain 
theory, and we felt compelled to examine these experimentally. 

According to Ehrlich's theory, if any substance, be it toxin, 
toxoid, ferment, or constituent of a bacterial cell or of a blood- 
corpuscle, possess the property of combining with side-chains of the 
protoplasm, the possibility is given for the formation of a corre¬ 
sponding antibody. The antibody, according to the theory, must 
possess such a group as will fit the haptophore (the specific com¬ 
bining) group of the invading substance. The soluble body, therefore, 
produced in response to the invading substance (toxin, toxoid, etc), 
must combine chemically with the latter. If the invading substance 
is in soluble form, as, for example, the toxins, the neutralization 
proceeds in the solution. If, however, it is not directly soluble, 
being originally an insoluble part of, say, a bacterial or blood cell, 
then the dissolved antibody in the blood will be abstracted from 
its solvent fluid and anchored by the cell particle. In the well-known 
experiment of Wassermann on tetanus poison, the same thing is seen. 
In this the invading substance (tetanus toxin) is abstracted from 
its solution and anchored by the crushed brain cells. In order to 
maintain the analogy we should expect that in our experiment the 
immune body dissolved in the goat serum would be anchored by the 
erythrocytes of sheep blood. 

The manner of procedure in this experiment is very simple and 
consists in the addition to sheep blood, or a dilution of the same, 
of immune serum which has been heated to 56° 0. in order to destroy 
its solvent properties. The mixture is then centrifuged to separate 
the cells and the fluid. In case the immune body has been anchored 
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by the blood-cells, the clear fluid should be free from 
prove this we have merely to add to some of this cle 
blood-cells, and a sufficient amount of addiment in the f 
serum. If the fluid is free from immune body, the l 
remain undissolved. The centrifuged sediment mus 
tested for the presence of immune body. The sedin 
much as possible from fluid, is mixed with salt solutio 
cient amount of addiment. If a corresponding amoui 
body has been anchored by the blood-cells, they will 
One of our numerous experiments follows: 

4 cc. of a 5% mixture of sheep blood-cells are m: 
-or 1.3 cc. inactivated serum from our immunized goat. ’I 
to stand for fifteen minutes at 40° C. and then carefulb 
The supernatant clear fluid is poured off, mixed with ( 
sheeps blood and then with 0.8 cc. serum from a norms 
mixture after being kept in a thermostat at 37° C. f< 
and then allowed to settle in the cold, shows no trace of 

The centrifuged sediment, freed as much as possib 
by means of filter paper, is mixed with 4 cc. physiologi 
tion and with 0.8 cc. normal goat serum. This mixtur 
kept for two hours in a thermostat at 37° C. is four* 
dissolved or very nearly so. 

In this experiment in which a sufficient amount of ii 
was used, we see that complete union took place between 
body and the blood-cells, resulting in the entire abstrs 
former from the fluid. We have found that the same 
at lower temperatures, even at 0° C. That this is a cbu 
and not a mere absorption is seen by experiments with < 
of blood. Thus the red blood-cells of rabbits and of gc 
affinity whatever for this immune body. 

As a result of these experiments, therefore, and in con 
the side-chain theory, we must assume that the immune be 
a specific haptophore group which anchors it to the Hoot 
sheep. 

The next important question was that concerning 
of the addiment to the red blood-cell. This was studied 
exactly similar to that of the previous experiment, 
mixed with addiment, the mixture centrifuged, and tl 
dons tested separately, by the addition of immune be 
presence of addiment. We varied our experiments gre 
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as time and temperature conditions were concerned, but the result 
was always the same; the red blood-cells did not combine with a trace 
of addiment. This is in direct contrast to their behavior toward the 
immune body. 

Having now determined the behavior of the blood-cells to immune 
body and addiment separately, it remained to see what the affinities 
of the blood-cells were when both of these bodies were present at the 
same time. The solution of this problem offers many technical 
difficulties. Practically it will be best to make the mixtures so that 
there will be just the proper amount of the two. ingredients to effect 
complete solution of the blood-cells. We found that if we mixed 
1.0 to 1.3 cc. of our inactivated goat serum with 0.5 cc. normal goat 
serum, this would just suffice to dissolve 5 cc. of a 5% mixture (in 
saline) of sheep blood-cells. If this mixture is placed in the ther¬ 
mostat, complete solution will ensue; but because an excess of the 
solvent substances has been avoided, the process does not take place 
rapidly. Usually it is completed at the end of 1^- to 2 hours. 

If the mixture is kept at 0°-3° C., no solution occurs, and if it is 
then centrifuged and examined according to the methods just studied, 
the red blood-cells will be found to have loaded themselves with 
immune body, leaving the addiment in the fluid. The experiment 
shows that under the conditions mentioned, addiment and immune 
body exist in the fluid entirely independent of one another. 

It still remained to determine the combining affinities at higher 
temperatures. A preliminary trial showed that if we used the pro¬ 
portions above mentioned and kept such mixtures in an Ostwald 
water-bath at 40° C. for six, ten, thirteen, and eighteen minutes 
respectively and then centrifuged, only in the first two tubes did 
the fluid remain colorless, while in the other tubes it was distinctly 
red. In the experiments at this temperature we therefore adopted 
a time limit of ten minutes. A tube of the above-mentioned mixture 
was allowed to remain in the water-bath at 40° G. for ten minutes 
and then centrifuged. The results were as follows: 

The sediment mixed with salt solution shows haemolysis of a 
moderate degree. (This occurs even if the sediment is mixed with 
ice-cold salt solution, centrifuged, and then again mixed with salt 
solution. By this manipulation the last trace of fluid originally 
adhering to the cells is removed.) Solution becomes complete when 
new addiment in the form of normal serum is added to the 
mixture. The centrifuged fluid does not, by itself, dissolve blood 
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added to it, or it does so in only a very limited degree. When, how¬ 
ever, new immune body is added, the blood-cells are completely dis¬ 
solved. 

From these experiments we conclude that the sediment this time 
contained both components, though not in equivalent proportion, 
for there was an excess of immune body which became manifest 
only on the addition of new addiment. Corresponding to this the 
centrifuged fluid contained only faint traces of immune body and. an 
excess of addiment. 

The explanation of these phenomena presents no difficulties. It 
must be assumed that under certain circumstances the immune body 
and addiment enter into loose, readily dissociated chemical combi¬ 
nation. This combination is hastened by heat and retarded by cold 
in entire conformity to the views previously expressed by Ehrlich 
(Werthbemessung des Diphtherie-heilserums, Jena, 1897). On the 
other hand, the affinity existing between blood-cells and immune 
body must be very strong, for these combine completely even in the 
cold. We must therefore assume that the immune body possesses two- 
different haptophore groups, one with a strong affinity for the corre¬ 
sponding haptophore group of the red blood-cell, and the other of feeble 
chemical affinity, which is able to combine more or less completely with 
the addiment present in the serum. At 30° C., therefore, the red blood¬ 
cell attracts to itself not only the free molecules of immune body, 
but also those which have already combined with the addiment in 
the fluid. In the latter case the immune body represents in a measure 
a link which ties addiment to the red blood-cells and subjects these 
to the action of the addiment. In agreement with Pfeiffer, we regard 
the phenomena appearing under the influence of the addiment as 
analogous to digestion, and we shall probably not err if we regard the 
addiment as having the character of a digestive ferment. Morgen- 
roth, by the experiments in which by immunization he successfully 
produced an antibody against rennin ferment, has made it very 
probable that the ferments, like the toxins, possess two groups, 
one a haptophore group and the other the actual carrier of the fer¬ 
ment action. 

With this preliminary analysis all the various phenomena are 
now readily explained. We assume that the immune body combines 
with the small amount of digesting ferment normally present in 
the blood, and then, by means of its other haptophore group, fitting, 
for example, to red blood-cells or bacteria, carries this digestive 
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action over to these cells. From this we see also why the digestive 
action becomes manifest only on the addition of immune body. 
This brings the ferment, present in the serum fluid in such small 
quantity, to the blood-cells in comparatively large amounts, thus 
concentrating and increasing its action. It is possible and even 
probable that only a few substances with digestive properties exist 
in the blood, perhaps only one; but that a countless variety of specific 
immune bodies can exist there, as Gruber, among others, assumes. 
In that case w v e must assume that in these immune bodies there is 
always one group which fits only to the cells or substances used to 
excite its production, but that all these immune bodies possess an 
atomic group in common which effects the combination with the 
digestive substance. On this assumption it is very easy to explain 
by means of the side-chain theory the otherwise difficult problem 
of the mode of origin of the lysins. According to Ehrlich’s definition, 
the side-chains possess definite atomic groups which are able to com¬ 
bine with certain other atomic groups and so increase the proto¬ 
plasmic molecule. As far back as 1885 (Sauerstoff Bediirfniss des 
Organismus) Ehrlich had pointed out that the atomic groups thus 
anchored to the living substance were much more readily oxidized 
and that they therefore represent the nourishment (kcxt eSoxv y ) of 
the cell. The study of immunity has considerably extended this view 
and taught us that the antibody represents such thrust-off side- 
chains; further, that the immunizing process consists in forcing the 
particular organism to produce these side-chains in surplus amount 
in conformity with Weigert’s theory of cell injury. It is of course 
very probable that these side-chains, according to their special func¬ 
tion, will be differently constituted. If a side-chain is designed 
to assimilate relatively simple substances, we may believe that the 
possession of a single combining group will suffice. Very likely the 
side-chains which anchor toxins are of this simple type. Tut it is 
entirely different when a giant molecule (albumin molecule) is to be 
assimilated. In this case the anchoring of the molecule is only a pre¬ 
liminary requisite. Such a giant molecule is useless to the cell and 
can only then be utilized when it is broken up by fermentative pro¬ 
cesses into smaller parts. It will be particularly advantageous to 
the cell if its “grasping arm” is at the same time a carrier of a fer¬ 
mentative group which can at once be brought to bear on the anchored 
molecule. We see such well-adapted contrivances (in which the 
grasping apparatus also possesses digesting properties) in a whole 




10 COLLECTED STUDIES IN IMMUNITY. 

series of higher plants. For example, the tentacles of Drosera, which 
may be regarded as grasping arms in the widest sense, secrete a strong 
•digesting fluid. 

. If, then, we see that lysin action does not occur with toxins, but 
•only when the contents of cells are absorbed, be these bacteria or 
blood-cells, we must conclude that in the latter case large-moleculed 
albuminous substances are concerned. These are much more complex 
in structure than the toxins, which represent mere cell secretions. 
For the assimilation of the highly complex bodies we therefore assume 
the existence of side-chains of a peculiar kind. These, besides their 
combining group, possess another group which by fixation with 
special ferments causes the digestion of the complex substances. If, 
by means of the immunizing process, one succeeds in having a surplus 
of these side-chains produced, they will be produced with both these 
functional groups and thrust off into the blood as immune body. 
This explains the wonderful contrivance whereby the injection of a 
bacterium is followed by the production of a substance which destroys 
this bacterium by dissolving it. This phenomenon is nothing but 
the reproduction of a process of normal cell life. 
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Second Communication. 

By Professor Dr. P. Ehrlich and Dr. J. Morgenroth. 

In a previous paper 2 we demonstrated the relations existing 
between the red blood-cells to be dissolved and the two components of 
a specific hsemolysin produced by immunization. It will be remem¬ 
bered that we termed the two components of the specific serum 
immune body and addiment. We were able to show that the immune 
body combines with the erythrocytes of the species whose blood 
was injected, since it has a specific affinity for these cells. We showed 
further that the addiment, the unstable (labile) ferment-like body 
which effects the solution of the blood-cells, is tied to these cells 
indirectly by means of the immune body. 

Proof was thus afforded that, in conformity with the require¬ 
ments of the side-chain theory, the immune body possesses one 
haptophore group by means of which it combines with the erythrocytes 
of the corresponding blood, and a second haptophore group with less 
affinity by which it combines with the addiment and transfers the 
action of the latter to the blood-cells. 

At that time we availed ourselves of the serum of a goat which 
had been treated for some time with subcutaneous injections of a 
sheep serum rich in blood corpuscles. Corresponding to this treat¬ 
ment, the serum of the goat possessed a moderate degree of solvent 
action on sheep blood-cells. 

In order to continue these studies it seemed essential to make 
use of a serum derived from an animal treated for some time with 
full blood, a serum that would accordingly possess a higher degree 
of activity. For this purpose we began the immunization (Nov. 12 


1 Reprinted from Berl. klin. Wochenschr. 1899, No. 22. 

2 See pages 1-10 of this volume. 
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and Feb. 24) of two male goats by injecting them subcutaneously 
with increasing amounts of defibrinated sheep blood. In a short 
time a strongly active serum was produced in both animals ; and 
we were able to observe how ; following the general laws of immu¬ 
nization, its activity increased. The course of the immunization 
did not manifest any peculiarities. It should, however, be remarked 
that on the days following the injection of a considerable amount 
of blood (350 cc.) not the least decrease in the activity of the serum 
could be observed, in contrast to the experiences with tetanus or 
diphtheria immunization. 

So far as the general method employed in the following experi¬ 
ments is concerned, it was the same as that mentioned in the first 
paper. The blood was always used in the form of a 5% suspension 
in physiological salt solution. At the time of these experiments 
the serum of buck I was able to dissolve the sheep blood com¬ 
pletely in the proportion of 0.2-0.3 cc. serum to 5 cc. sheep blood 
mixture; 0.03-0.07 cc. serum were able to produce a just noticeable 
amount of solution. Of the serum of buck II, 0.15-0.2 cc. suf¬ 
ficed for complete solution. It should be mentioned that the serum 
of buck II even before immunization possessed a slight solvent 
effect on sheep blood. This, however, was so slight that 4.0 cc. of 
the serum were not nearly able to dissolve 5 cc. of the 5% blood 
mixture, and 1.2 cc. serum produced only a just noticeable amount 
of solution. Heating the serum to 57° C. for half ah hour destroyed 
this action, as it did also that for rabbit and guinea-pig blood. 1 

With the sera of these two bucks we were now able to proceed 
with our experiments. The combination of the immune body with 
the erythrocytes of the sheep at 0° C. can be readily demonstrated, 
for at this temperature and by the employment of proper amounts 
of serum no solution takes place. The serum was allowed to act on 
the sheep blood for twenty-four hours, care being taken to keep the 
mixture at 0° C. The blood-cells were then separated by means 

1 On examining the sera of a large number of normal goats one will find 
some sera which possess this feeble solvent power for sheep blood. Thus the 
normal goat sera which we employed for control tests in our first experiments, 
and which were used in great number, failed absolutely to show any solvent 
action, but at most manifested only a variable degree of agglutinating action. 
This will be seen from our reports at that time. In our first communication 
we had already called attention to the great variability of the agglutinating 
property. 
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of the centrifuge ; and they showed by their behavior that they had 
combined with the immune body. They did not dissolve on the 
addition of physiological salt solution; but dissolved when addiment 
in the form of normal goat serum was added. In contrast to this, 
both components combined with the sheep blood-cells when the 
mixture was kept at room temperature (about 20° C.) even for only 
eight minutes. The blood-cells, separated by centrifuge and washed 
with physiological salt solution to free them from traces of serum, 
were mixed with more salt solution and placed in an incubator, 
where they dissolved in considerable quantity. 

These new and stronger immune sera therefore exhibited proper¬ 
ties in relation to the sheep blood-cells entirely analogous to those 
of the serum previously described by us. On the other hand in cer¬ 
tain respects their behavior was entirely different. 

The serum described by Bordet, as well as that of our goats, 1 lost 
its haemolytic power when heated for half an hour to 56° C. This has 
been shown by Buchner to be true of all normal haemolytic sera. 
The sera of our two bucks even when heated for three-quarters of an 
hour to 56° C. showed only a scarcely appreciable diminution of their 
solvent action on sheep blood , while their normal solvent action on guinea- 
pig blood and rabbit blood was entirely destroyed. Even when the serum 
was heated to 56° C. for three hours or when, after mixing with equal 
parts of water, it was heated for one and one-half hours to 65° C., 
it showed merely a reduction in its solvent action for sheep blood, 
but not a destruction of this action. 

Our preliminary experiments on the combining relations had 
shown us that the action of these haemolysins was due to the pres¬ 
ence in the serum of a specific immune ‘body and an addiment. It was 
therefore clear that we were here dealing with an addiment of a very 
peculiar kind, which was distinguished from the addiments of 
all hsemolysins heretofore known by its extraordinary resistance 
to thermic influences. This property must pertain to the addi¬ 
ment itself and cannot be ascribed to the presence of another sub¬ 
stance in the serum increasing its resistance, for such a substance 
would have served to protect the haemolytic bodies normally present. 

In order, however, to analyze these phenomena completely, it 
was absolutely essential to obtain the two components of the complex 


1 This refers to the female goats. The male goat is always designated 
'‘buck” by Ehrlich and Morgenroth. [Translator.] 
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serum, the immune body as well as the addiment, in a free state. 
In the ordinary specific hsemolytic serum the former is usually readily 
obtained because the addiment is destroyed by slight heating. In 
the case of our serum, however, heating proved ineffective, so it 
became necessary to adopt other means. Experience having taught 
us that the addiment is, as a rule, more readily destroyed than the 
immune body, we could expect to accomplish our purpose by using 
stronger destructive agents of a chemical nature. After a number 
of trials we have finally made use of the following procedure: 
One part of our serum is mixed with one-tenth part normal hydro¬ 
chloric acid, the mixture digested at 37° C. for 30 to 45 minutes, 
and then neutralized. It will be found that the serum has then lost 
its solvent power for sheep blood-cells; but that it still possesses 
immune body in scarcely decreased amount can be shown by re¬ 
activating the serum. 

The isolation of the immune body made it possible finally to demon¬ 
strate the combination of the immune body at higher temperatures, 20°- 
35° C. This combination is seen to be quantitative, i.e., the sheep blood- 
cells are able to cojribine with all the immune body present in that quarts 
tity of serum which in its active state would just suffice for their com¬ 
plete solution. For example, to 5 cc. of the 5% blood mixture, 0.15 cc. 
of the serum inactivated with hydrochloric acid is added, it having 
been previously ascertained that this amount of active serum just 
suffices for complete solution. The mixture is allowed to stand 
for half an hour at room temperature and is then centrifuged. To 
the sediment 2.0 cc. normal goat serum are added, and to the clear 
fluid some additional sheep blood mixture and 2.0 cc. normal goat 
serum. The sediment thus treated will be seen to dissolve com¬ 
pletely, whereas the blood-cells added to the clear fluid remain intact 
despite the presence of the addiment. This shows that all the im¬ 
mune body combined with the sedimented sheep blood-cells. 

The addiment necessary for this reactivation is present in normal 
goat serum, as can be seen from the experiment. This is true for all 
goat sera thus far examined by us, although the amount varies. 
It will be recalled that we had found the original addiment which fitted 
the immune body was able to withstand heat. The question there¬ 
fore at once arises whether normal serum also contains such heat- 
resisting addiments. As a matter of fact this was found to be the 
case in a number of goats examined by us. When the serum of these 
goats was heated for $ to f hr. to 56° C. and its normal hsemolytic 
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properties for other blood-cells were entirely destroyed, it was still 
able to typically reactivate the particular immune body here con¬ 
cerned. 1 In another series of goats, however, the result was different, 
for heating the serum to 56° C. destroyed its reactivating properties 
completely. These sera then contained exclusively a thermolabile 
addiment which, like the thermostabile addiment, fitted the immune 
body. We must therefore conclude that the immune body developed 
by this immunization is capable of being activated by addiments 
of two kinds, which differ from each other by their resistance 
to thermic influences and which are both present in normal serum. 

It is probable that both kinds of addiment can be present in 
goat serum at the same time, but that in most cases only one, the 
thermolabile, is present. The varying behavior toward thermic in¬ 
fluences, manifested by the sera of our immunized animals, would thus 
be easily explained. We assume that the same immune body was 
'present in both cases , but that the serum of the goat first immunized con¬ 
tained only the thermolabile addiment, while the sera of the animals 
examined later contained also the thermostabile addiment. In this- 
connection, the fact that, previous to the commencement of immu¬ 
nization, we were able to demonstrate a considerable content of 
thermostabile addiment in the serum of the third animal ('buck II) 
is of considerable interest. 

Having thus arrived at some understanding of the action of the- 
haemolytic sera produced by immunization it seemed essential that 
we extend our investigations to the haemolytic properties of normal 
sera. These properties had long been known and had been studied 
particularly by Buchner and his pupils. 2 

The fact that the haemolytic action of normal serum is destroyed 1 
by moderate heat led us to believe that the normal hemolysins are 


1 As it is thus possible to destroy all the normal lysins (which interfere with 
the experiment) it ought to be possible to determine whether a similar heat- 
resisting addiment also occurs in the serum of other species. We succeeded' 
in demonstrating its presence in varying amounts in the serum of a sheep and 
of a calf, but failed to find it in serum of a dog or rabbit. 

2 It is very probable that certain forms of hemoglobinuria originate through 
analogous hemolysins. Many years ago Ehrlich showed that the hemoglobi¬ 
nuria ex frigore was caused, not by any particular sensitiveness of the erythro¬ 
cytes to cold, but by certain poisons produced, especially by the vessels, as a. 
result of the cold. Possibly also such autolysins play an important role in. 
the convalescence of severe anemias. 
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not of simple constitution; but the experimental solution of thus 
problem was attended with great difficulties. 

The primary tests necessary to demonstrate the complex con¬ 
stitution of a lysin are very readily made on a number of series. 
They consist in this, that a serum which dissolves certain red blood- 
cells at ordinary temperatures is mixed with these cells at 0° and 
allowed to act at this temperature for some time. For example, 
goat serum is mixed with guinea-pig blood-cells, for which it is nor¬ 
mally haemolytic. The mixture is kept at 0° and them centrifuged. 
The clear fluid is mixed with an additional amount of blood-cells 
and tested in the usual manner for its lucmolytie power. In this 
♦ way it was easily shown that through this procedure the serum had 
lost part of its power, but that this was completely restored by 
the addition of some of the same serum previously inactivated by 
heat. According to our previous experience these experiments show 
that this serum contains two substances: one, which we shall call 
interbody, possessing two haptophore groups and analogous to the 
immune body; the other, an addiment, which we shall hereafter term 
complement. Further, they show that of these two bodies the* blood- 
cells combine preponderantly with the interbody. The decrease in 
the power of the serum is thus explained by a lack of interbody, 
and this is supplied by the addition of inactive serum. 

In experiments of this kind we have succeeded with the following 
combinations: goat scrum, sheep serum, calf serum, and clog serum, 
with guinea-pig blood. 

Although the demonstration of the lack of interbody hi 
extremely simple, the counter-demonstration, that this intorlxxly 
has combined with the sedimented blood-cells, is extraordinarily 
difficult; for in this demonstration a completely isolated comple¬ 
ment is essential. The production of a complement to fit the spiriftc 
interbody obtained by heating the serum of our immunised gout 
is extremely easy, for it is found in all normal goat scrum and cmn 
also be obtained from immune serum by means of elective a!»orj> 
tion. 

It will be well to analyze the conditions governing this elective 
absorption by means of which interbody and complement can be 
separated. Complete separation will be possible when, under the 
circumstances prevailing at the time, the affinity of the interbody's 
haptophore group for the blood-cells is greater than the affinity 
of its haptophore group for the complement. A measure of the 
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relative affinity is found in the degree of temperature at which 
combination occurs. In the case of the lysin obtained by immuniza¬ 
tion, which has already been described, the combination of the blood- 
cells with the corresponding haptophore group of the immune body 
took place at 0° C.; the combination of the second haptophore group 
with the complement took place only at a higher temperature. At 
0° C. the fluid would therefore contain immune body and comple¬ 
ment in a free state, i.e. uncombined. In this case, of course, it is 
possible completely to abstract the immune body from this mixture 
by means of the red blood-cells. This is the most favorable case. 
Its direct opposite will be one in which the affinity of the two hapto¬ 
phore groups is exactly equal. In that case the blood-cells will 
invariably combine with interbody + addiment in such a manner 
that equal amounts of the two components are withdrawn from the 
fluid. Naturally between these two extremes all kinds of inter¬ 
mediate phases may exist showing variations in the degree of affinity of 
these two groups. It seems to us that the most frequent case is 
that in which the affinity of the hsemotropic group of the interbody is 
not much greater than that of the group fitting the addiment. In 
this case we are unable to produce free addiment by treating the 
mixture with erythrocytes; a certain amount of interbody always 
remains in the serum so that the latter does not completely lose 
its solvent property. Such sera, which still possess solvent property, 
cannot, of course, be used for experiments in activation. 

In our investigations on normal sera we met with this last case 
surprisingly often, and it was this circumstance that made the study 
of the complements so difficult. We therefore sought to find another 
method of procedure, one by which these difficulties could be 
avoided. 

For analytical purposes it is essential, as already stated, to have 
both components of the serum, viz., interbody and complement, 
in an isolated form. The interbody can at any time be obtained 
from the normal active serum by heating, but the production of 
the complement from the normal serum is not entirely successful 
because of the above-mentioned difficulties. 

We therefore proceeded on the assumption that every blood 
serum may contain a whole series of different ferment-like bodies, 
among which some would be capable of assuming the r61e of com¬ 
plement. It was of course clear that such a combination of circum¬ 
stances would only be a fortunate chance occurrence, and that only 
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by examining a large number of separate eases would such a favor¬ 
able combination be found. As a matter of fact after a rather long; 
search ; we succeeded in finding such cases. 

As is well known ; dog serum dissolves guinea-pig blood with great 
energy. If it be heated to 57° C. it loses this power, in accord¬ 
ance with the usual rule. However if to the f>% guinea-pig blood 
mixture some of this inactive dog-serum is added, and also a sufficient 
quantity of normal guinea-pig serum (about 2 ee. to 5 cc. of the* 7/ l, 
blood mixture), complete solution takes place. r l his fact can be ex¬ 
plained only by assuming that the guinea-pig serum confains a 
complement which happens to fit the haptophore group of the inter¬ 
body derived from the dog, and that it thus readivates this. In 
this case the proof is all the more convincing because solution is 
effected by the addition of serum of the same species from which the 
blood-cells are derived. This serum should be the best possible 
preservative for the cells, for it represents their physiological medium . 1 

By means of these experiments we regard it as positively proven 
that the haemolytic action exhibited by a serum, normally or in 
response to immunizing procedures, is due, in the cases examined 
by us, to the combined action of two substances. 

Now that we had at our command the interbody of the luemolysin 
solvent for guinea-pig blood, derived from dog serum, m well tm a 
complement which reactivated this, we were ready to proceed to 
the last of our demonstrations. 

To each of two test-tubes containing 5 cc. h% guinea-pig blood 
0.2 cc. inactive dog serum were added, after it had previously been 
ascertained by experiment that 0.2 cc. dog serum previous to heat¬ 
ing were just sufficient completely to dissolve thin amount of guinea- 
pig blood. The mixtures were allowed to remain at 2lf for half an 

1 We succeeded also in finding other combinations in which an analogous 
relation in greater or less degree could be demonstrated. Of then* wo 
may mention: 1) guinea-pig blood, inactive calf scrum, guinea-pig serum; 
2) sheep blood, inactive rabbit serum, sheep serum; 3) goat blood, inactive* 
rabbit serum, goat serum; 4) guinea-pig blood, inactive sheep serum, guinea- 
pig serum. The fact that such an interbody, i.e., one derived from one 
animal species, finds fitting complements not only in its own serum but 
also in that of different species, is of considerable importance in the question 
whether curative sera can be made harmless to man by means of pasteuri/.af ion. 
Possibly this would serve to explain why heating of the diphtheria curative 
serum, introduced by Spronck, has not realized the expectations a priori hotel 
out for the procedure. 
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hour and then centrifuged. The sediments thus obtained were 
washed with salt solution and again centrifuged. If now to one 
of these sediments physiological salt solution was added, and to 
the other 1.5 cc. guinea-pig serum, complete solution resulted in the 
latter, while the former remained undissolved. This proves that 
the interbody was completely anchored by the blood-corpuscles. 
The fluid' obtained by centrifuging did not dissolve guinea-pig 
blood, even when considerable guinea-pig serum was added. It 
did not, therefore, contain any free interbody derived from the dog 
serum first added. 

By these experiments we became convinced that haemolysis in 
general is due, not to a simple body, but to the combined action of 
two distinct substances. At the present time we have no general 
method to demonstrate this for each individual case, and the solution 
of the problem therefore is now possible only under either of the 
above-mentioned favorable conditions: (1) when the two hap- 
tophore groups of the interbody differ greatly in their affinity; and 
(2) when, by means of a combination whose discovery depends on 
chance, an activating complement is found. Where these conditions 
are not fulfilled, the solution of the problem, for the present at least, 
is impossible. This, for example, is the case with ichthyotoxin, the 
haemolytic constituent of eel serum. It is extremely easy to inactivate 
this eel serum, slight warming for fifteen minutes to 54° C. sufficing, 
but thus far we have been entirely unsuccessful in reactivating it, 
because we have been unable to find the requisite complement. 

Considering their multiplicity, it is but natural that we are only 
just getting a deeper insight into the nature of the substances in 
normal blood serum. It is obvious also that a great many questions 
whose solution is of importance present themselves, especially in 
connection with the substances discussed by us. 

The first question* to be considered is that of the multiplicity of 
the hsemolysins contained in a given normal serum. According to 
our observations it is very probable that the ability of serum of one 
species to dissolve the blood-cells of various other species is de¬ 
pendent on the action, not of a single lysin, but of several lysins. 
If, for example, dog serum dissolves the blood-cells of guinea-pigs 
and of rabbits, it must be assumed that a multiplicity of interbodies 
and of corresponding complements, effects this action. Some of the 
ways in which the solution of this problem can be approached are 
as follows: 
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(1) The isolated destruction of single lysins by means of 
and chemic influences. 

(2) The binding of the different lysins by means of corres 
species of blood, thus making their elective removal possible 
red blood-cells this procedure, to which we shall return 
sequent article, offers many technical difficulties. On th 
hand, with a different kind of specific constituent of the 
namely, the agglutinins, this method is easily applied, as can 
by the experiments of Bordet 1 made in connection with- < 
experiments and carried out by the methods employed by us. 

(3) A separation of the lysins also seems possible throi 
munization, by means of which one is able to obtain 
against the normal lysins. Thus Kossel, Camus, and Gley* b 
ing animals with the strongly globulicidal eel serum, have c 
a serum which neutralizes the action of this eel serum, in othe: 
one containing an antilysin. Evidently this reactively form 
body thrusts itself into the hsemotropic group of the intertx 
thus deflects this from the erythrocyte. Our attempts, 
these premises, to produce an isolated antibody for some 
lysins have thus far been unsuccessful. Thus a serum 
from rabbits after these had been treated with goat serum, pi 
the rabbit erythrocytes against solution by goat serum. At tl 
time, however, it protected the blood of guinea-pigs and rats 
the same influence, and even prevented the haemolytic action 
serum on rabbit blood. From this fact we must conclnc 
immunization with one serum produces a whole series of c 
antilysins. Clearly this is to be explained by assuming that x 
contains a great number of different complexes possessing hap 
groups, of which many, whether they are toxic or not, are 
excite the production of corresponding antibodies. 

This surprising multiplicity of substances, present in the 
which possess haptophore groups (hsemolysins, agglutinins, f© 
antiferments) is very readily harmonized with Ehrlich f m 
According to Ms conception all these substances represser 
chains of the protoplasm, which have been thrust off and have ; 
the circulation. The physiological object of the side-chairu 
Ehrlich stated in 1885, 2 to bind assimilable substances 
protoplasm so that these may perve as nutriment for the 

1 Inst. Pasteur, March 1899. 

2 Ehrlich, Sauerstoffbediirfniss des Organismus. Berlin, 1SS&> 
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A large part of these side-chains may, under suitable circumstances, 
be thrust off and thus appear in the blood. 

Considering the large number of organs in the body and the mani¬ 
fold chemistry of their protoplasm, it should not surprise us that 
the blood, which represents all the tissues, can be filled with innumer¬ 
able side-chains; and it is not at all astonishing, considering the 
constantly changing chemistry of the organism (influenced by a large 
number of factors such as race, sex, nutrition, labor, secretion, con¬ 
ditions of the surrounding medium, etc.) that the serum should be 
subject to constant qualitative fluctuations. Such variations are 
seen in the examples already mentioned, showing the behavior of 
sera of normal animals. Goat serum at one time possesses a slight 
solvent action on sheep blood, at other times this is entirely absent. 
Dog serum in one case dissolves the red cells of cats very strongly, 
in another case it does not do so at all. The action of rabbit serum 
on guinea-pig blood shows a special variability. 

A very interesting example is afforded by lamprey serum, which, 
as is well known, possesses an extraordinarily toxic action for labora¬ 
tory animals in general and also for red blood-cells in vitro. Dr. 
Schonlein of Naples, whose recent death we lament, was kind enough 
to experiment with this for us. His investigations showed that the 
serum of a not inconsiderable number of lampreys possesses no 
toxic action at all, so that it could be injected into rabbits intra¬ 
venously in amounts of 2 cc. without any damage whatever. 

It is clear that this extensive variability enormously increases the 
difficulties in investigating these sera. Thus on repeating the well- 
known experiment of Buchner, whereby a mixture, in certain pro¬ 
portions, of dog and rabbit sera loses its haemolytic property for 
guinea-pigs in the course of twenty-four hours, we were able to com¬ 
pletely confirm Buchner’s results in three cases, while in five other 
cases the haemolytic effect was only more or less lost. 

We believe that all these investigations support the view we have 
already expressed regarding the nature of the complex poisons of the 
blood-sera. v. Dungem (Muench. med. Wochenschr., 1899, No. 14), 
basing his action on some new experiments of his, has accepted our 
views. We can content ourselves, therefore, with merely mentioning 
another view, recently expressed by Bordet 1 He has confirmed the 
statements made by us regarding the fixation of the specific immune 
body by means of the corresponding erythrocyte, and he has ad- 


1 Annal. de Tlnstit. Pasteur, April 1899. 
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mitted that the fixation process is connected with the solvent process, 
but he believes that the nature of this connection requires a special 
hypothesis : 

“On pourrait rapprocher, si une comparaison un peu grossi&re 
6tait permise, la modification apport^e par la substance sensibila- 
trice [our immune body] sur le globule, de celle qui eonsisterait a 
changer la structure d'une serrure, de fagon k y permettre Tint reduc¬ 
tion facile d'une ou de plusieurs clefs qui n'y entraicnt pas auparavant 
ou nV p6netraient qu'avec difficult^. Deux clefs suffisamment sem- 
blables enterontd&s lors indifferement.” 

One could therefore picture the mode of action of the two sub¬ 
stances as it is conceived by Bordet to be like a safety lock which re¬ 
quires two keys to open it, of which the first is ne.cessary in order 
to make the main lock accessible. 

Against this mechanical conception it can be urged that the keys 
do not fly into the lock of their own accord, but that certain forces 
are necessary to effect this. Our theory supplies a very simple 
explanation for this; the driving force is the chemical affinity between 
the fitting groups. The entire line of experiments made by us was 
designed to show whether the two substances, together, combined 
with the blood-cells at one place or whether, separately, at two different 
places. Our decision was determined by the demonstration that 
the addiment was in no way fixed by the red blood-cells. Had 
Bordet repeated not only one of our experiments,but the entire 
series, the inapplicability of his hypothesis would have become evi¬ 
dent to him. 

If active immune serum is treated with red blood-cells, at 0° 0. 
as described in our first article, thus fixing the immune body, the 
lock, according to Bordet, is made accessible, i.e. the conditions 
are fulfilled whereby the addiment (Bordet's alexin) could pene¬ 
trate to the blood-cells. As a matter of fact, however, under these 
circumstances the addiment does not do so. This, as well as the 
new facts mentioned in the present article, harmonize best with 
our theory. 

If, however, this mode of action of the lysins is accepted, it will 
be impossible not to hold the same views regarding the living pro¬ 
toplasm, and assume in this the presence of side-chains of peculiar 
character which are designed to grasp highly complicated substances. 
It must further be assumed that these side-chains, beside their grasp¬ 
ing group, are endowed with a second group which, by fixation of 
peculiar ferments, effects a digestive action. 
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Third Communication . 1 2 

By Professor Dr. P. Ehrlich and Dr. J. Morgenroth. 

By injecting one animal with the cells of another, we can produce 
substances in the serum of the first, which have a specific damaging 
or destructive influence on these cells. This possibility has within 
a short time extended the theoretical doctrines of immunity in vari¬ 
ous directions. First Belfanti and Carbone showed that the serum 
of animals, after these had been treated with blood-cells of a differ¬ 
ent species, acquires a high degree of toxicity for just this species- 
Shortly afterward, Bordet was able to demonstrate that this toxicity 
in corpore corresponds to a specific haemolysis in vitro. This was 
confirmed independently by von Dungem and Landsteiner by experi. 
ments published somewhat later, and further by those of our own 
mentioned in previous communications. The result of the experi¬ 
ments is always, that, following the introduction of red blood-cells 
of one species into the organism of another, a haemolysin is formed 
which so injures the blood-cells of the first species that their haemo¬ 
globin goes into solution. Bordet also showed that this haemolysis 
•depends on the action of two substances in the haemolytic serum. 

The importance of this subject, due specially to the complete 
analogy between the haemolytic and the bacteriolytic processes, 
led us to a detailed study of the mechanism of these processes. We 
were able to show that the substance produced by immunization, the 
immune body, possesses a maximum chemical affinity for the corre¬ 
sponding blood-cell. This affinity is due to the presence of a specific 
combining group in the molecule of the immune body, which fits 
to a corresponding group in the protoplasm of the erythrocyte. 
Beside this, the immune body possesses a second combining group 

1 Reprint from the Berliner klin. Wochenschr. 1900, No. 21. 

2 See pages 1 and 11. 
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which fits to a group in a ferment-like body of normal serum, namely, 
the complement (addiment). By virtue of these two haptophore 
groups, the immune body functionates as a coupler or interbody . 
carrying the action of the complement over onto the red blood-cells. 

In order to facilitate expression, that combining group of the pro¬ 
toplasmic molecule to which the introduced group is anchored will here¬ 
after be termed receptor . The side-chain, for example, which com¬ 
bines with the tetanus toxin in the organism is such a receptor. The 
tetanus antitoxin itself is nothing but the surplus of receptors thrust 
off into the blood. Similarly, that complex which later functionates 
as immune body is a receptor before being thrust off. 

In the further course of these investigations it has been found 
that the function to produce peculiar antibodies analogous to immune 
bodies is not confined to bacteria and erythrocytes. Cells of the 
most varied kind, provided they are absorbed, excite the production 
of immune bodies, in conformity with the requirements of the side- 
chain theory. Landsteiner, Metchnikoff, and Moxter succeeded 
in producing an immune serum against spermatozoa; von Dungern, 
a specific serum which acted on ciliated epithelium; and Mecthni- 
koff, an immune serum against leucocytes and kidney epithelium. 
Here also in the cases examined for this purpose (v. Dungern, Moxter) 
it could be shown that the specific active substances are of complex 
nature, consisting of an immune body and a corresponding comple¬ 
ment, and that the immune body possesses a specific affinity for the 
corresponding cells. 

The great theoretical significance of these investigations which 
open up a new field to the study of immunity is clearly apparent, 
but whether in the near future they will have any practical results 
remains to be seen. 

In the pursuit of these studies, we were led to extend our researches 
into another direction which seemed to us of special importance 
in the understanding of pathological processes. 

The experimental investigations thus far made have dealt exclu¬ 
sively with the changes in the serum which occur when an animal 
is made to absorb foreign cell material. This mode of experiment, 
however, is not limited in any way by the nature of the subject, but 
is dependent entirely on the will of the experimenter, and it there¬ 
fore lacks all physiological analogy. 

In pathology, the changes foremost to be considered are those 
resulting from the absorption, by an organism, of its own cell mate- 
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rial. Such occasions are presented by many different diseases. 
Keeping to the blood, for example, if an individual suffers a con¬ 
siderable subcutaneous hemorrhage or one into a body-cavity, or 
if part of his blood-corpuscles are destroyed and dissolved by certain 
blood-poisons, the essential conditions, just as in an experiment, 
are given for the reactive formation of substances possessing specific 
injurious affinities for these blood-cells. The same, however, can 
apply to other tissues; for every acute atrophy of an organ’s paren¬ 
chyma can lead to the absorption of cell material and to its conse¬ 
quences. The conditions necessary for the development of specific 
cell poisons may be presented by various circumstances, thus, when,, 
spontaneously or under the influence of arsenic, large lymph-gland 
tumors are absorbed; when a struma melts and disappears under 
specific treatmnt; when the white blood-cells, owing to the action 
of toxins or other substances, are caused to disintegrate; when, 
owing to certain metabolic or infectious diseases, acute atrophy of 
the liver ensues, etc. We shall further have to assume that these 
conditions can be fulfilled, in a wider sense, when, under the influence- 
of certain general diseases, there occurs active dissolution of or¬ 
ganized material of any kind instead of atrophy of a single organ. 

It is therefore of the highest pathological importance to determine 
whether the absorption of its own body material can excite reactive 
changes in the organism, and what the nature of these changes is. The 
simplest conditions and those most accessible to experimental study are 
those which arise on the absorption of blood-cells. But here we face a 
curious dilemma. If an animal organism, when injected with blood- 
cells of foreign species, always produces a specific hmmolysin for 
each of these species, it must surely be following a natural law; and 
it is improbable that this law which applies in any particular number 
of cases should be suspended in the case of blood-cells of the same 
individual. On the other hand, it is not to be denied that the forma¬ 
tion of such haemolytic substances would appear dysteological in the 
highest degree. For example, if, in an individual who has had an 
extensive haemorrhage into a body-cavity, the absorption of this 
blood caused the formation of a blood poison which destroyed the 
rest of the blood-cells, this would be a phenomenon whose actual 
occurrence lacks any clinical evidence whatever and one which no one 
is willing to accept. 

It cannot be doubted that the organism seeks a way out of this 
difficulty by means of certain regulating contrivances, whose deter- 
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mination will be of the highest interest. To be sure the study of 
this question offers- considerable difficulties, difficulties through 
which previous experiments in this direction have been brought 
to naught. (Belfanti and Carbone, Bordet.) 

We have from the beginning maintained that it is possible to 
gain an insight into these processes, only when any changes occurring 
in the serum are determined by means of frequent and progressive 
examinations. Small laboratory animals, because of the amount 
of blood required for these continuous examinations, are therefore 
unavailable, and hence we selected goats as being best adapted for 
these experiments. 

After it had been determined that a single injection of a large 
amount of blood sufficed to produce the specific haemolytic sub¬ 
stances in the serum, we usually injected our animals once with a 
large amount of goat-blood. (800-900 cc. for a goat of 85-40 kg.) 
In order to overwhelm the body as rapidly as possible with the con¬ 
stituents of the blood-cells, we made use of intraperitoneal injections. 
For the same reason we thought it best not to inject intact blood- 
corpuscles, but to inject blood which had been made laky by the 
addition of water. We argued that blood-cells of the same species 
as the animal injected would be destroyed very slowly in the peri¬ 
toneal cavity of this animal, and that consequently the absorption 
would be so gradual as to prevent the "occurrence of what may be 
termed an “ ictus immunisatorius ” From the second or third 
day on, we withdrew samples of serum from the animals so treated, 
and tested the solvent action on the blood of numerous other goats. 
Our method generally was first to determine whether any indica¬ 
tions of haemolytic action were present. Tor this purpose a drop 
•of normal goat blood was allowed to fall into undiluted serum of 
the treated goats, and the occurrence of any red coloration looked 
for. If this test was positive, we proceeded to test the hmmolysin 
in the usual manner by adding decreasing amounts of this serum 
to tubes containing 1 cc. of a 5% mixture of goat-blood in 0.85% 
salt solution. 

With these preliminary remarks we proceed to our first posi¬ 
tive test (February 16, 1900). The subject of this was a strong 
male goat, buck A, weighing 33.5 kg., into whom there were injected 
intraperitoneally 920 cc. goat-blood (mixed from the blood of goats 
1, 2, and 3) made laky by the addition of 750 cc. water. From the 
second day on, small amounts of blood were withdrawn daily for 
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the purpose of obtaining serum. This serum, as we had antici¬ 
pated, never showed a trace of haemoglobin coloration. As early 
as the second day, a slight solvent action for the blood of goats 4 and 
5 was developed. A drop of the blood allowed to fall into the undi¬ 
luted serum of buck A suffered partial solution, so that after the 
blood-corpuscles had sedimented, the serum remained slightly tinged 
with red. By the fifth day the solvent property had increased 
considerably; 0.5 cc. serum completely dissolving 1.0 cc. of the 
5% blood-mixture of goat No. 4. By the seventh day the action 
had reached its maximum. 0.3 cc. serum produced complete solu¬ 
tion (No. 4); 0.07 a just appreciable effect. 

As we now had at our disposal a sufficient amount of hsemolysin., 
we sought to determine whether this hemolysin-dissolved all goat 
blood-corpuscles without exception. We found that of nine goats 
which we examined, the majority were markedly sensitive to this 
hsemolysin. Thus goats Nos. 1, 2, 4, 5, 6, and 9 were highly sen¬ 
sitive; two goats, Nos. 3 and 8, somewhat less so; and only one, 
No. 7, (which had previously been treated for some time with the 
expressed juice of eel muscle,) showed so slight a susceptibility that 
even undiluted serum failed to cause strong solution. 

After noting these results it was important to determine the 
behavior of the blood-cells of this buck toward the hsemolysin of 
his own serum. If a drop of blood was added to the serum, in vitro, 
not even a trace of solution occurred. These blood-cells then were 
entirely insusceptible to the hsemolysin of their own serum, as had 
already been indicated by the absence of haemoglobin coloration 
in the freshly drawn serum. 

If we designate the specific haemolysin developed by the injec¬ 
tion of blood of foreign species as heterolysin , then we must designate 
the haemolysin due to the injection of blood of the same species as 
isolysin. In no case, however, and this is to be emphasized, are 
we here dealing with an autolysin, i.e. a lysin which dissolves the 
blood-cells of the animal in whose serum it circulates. However, 
such a condition is not at all a matter of course, and the question 
arises why the isolysin in this case does not also functionate as auto¬ 
lysin. 

The toxins as well as the hsemolysins can act only when they 
are anchored by certain haptophore groups, the receptors, whereby 
the action of the poisons is concentrated on the cells possessing these 
receptors. If these groups are lacking, the poison has no point of 
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attack. We have already demonstrated that a hemolysin, or rather 
its immune body, is anchored by the erythrocytes, and the solution, 
of the above question therefore becomes very easy. To begin, we 
have determined that the isolysin behaves like a typical haemolysin 
of the well-known kind. It loses its action by being heated for 
half an hour to 55° C. (destruction of the complement) and is reac¬ 
tivated by the addition of a corresponding amount of normal goat 
serum. 

Next we have determined that the immune body of the isolysin 
is bound by the susceptible blood-cells in typical fashion; that the 
blood-cells of the immunized animal, however, take up only traces 
of the immune body in vitro, amounts far less than those taken up 
by the almost insensitive blood-cells of goat No. 7. This phenomenon 
can at once be ascribed to a slight mechanical absorption. We see, 
therefore, that the serum’s own insensitive blood-cells are incapable 
of anchoring the specific immune body of the isolysin. 

This result can be explained in either of two ways. It may be 
assumed that the blood-cells lack this receptor entirely, or that, 
although the cells possess the receptor, the affinity of this had already 
been satisfied by the immune body in the circulation. In the latter 
case, however, it is incomprehensible why the blood-cells were not 
dissolved by the complement also circulating in the blood. Further 
reasons against the latter assumption will be apparent Jater, and 
so we shall at once discuss a series of facts which, according to our 
views, demonstrate that the insusceptibility of the blood-cells in 
this case is due to an absolute lack of these receptors. 

Assuming that a given toxin, in an organism, finds receptors 
which anchor it, the injection of this toxin will be followed by the 
production of a corresponding antibody. If, however, an organism 
lack receptors for this poison, the first essential for the production 
of an antibody will be wanting. In the development or non-develop¬ 
ment of antibodies we shall have an indication of the presence or 
absence of receptors. 

Now the hemolysins belong to the class of poisons which pro¬ 
duce antibodies. We ourselves have demonstrated that the normal 
hemolysins of dog's and goat's serum, when injected into a foreign 
animal body, excite the production of antihsemolysins. The ques¬ 
tion was whether the isolysin when injected into the organism of 
ether goats would be able to cause the production of an antirisolymn . 
In order to save material we injected a young goat (No. 10), whose 
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blood-cells we had previously shown to be very aens|tim4a^^ 
lysin, several times with considerable quantities-.'~o|j^MShAJLAs 
a matter of fact an antibody was developed, so thai''‘0' ; l^.*'"'5f the 
serum thus obtained were able to protect 1 cc. of a 5% sensitive 
goat-blood-cell mixture against solution by isolysin A (0.5 cc.). The 
blood-cells of this same goat No. 10, on the contrary, after they had 
been repeatedly washed with physiological salt solution to free them 
from serum, proved just as susceptible to the isolysin as before. 
Hence it follows that the isolysin here concerned, isolysin A, causes 
the production of antilysins in the body of the same species when 
it finds fitting receptors. 

From this we conclude that the insensitiveness of the red blood-cells 
can only be due to the lack of receptors for the isolysin. A further 
conclusion must be that these receptors are not present in any other 
tissue of buck A, that they are absent in the entire organism , for other¬ 
wise there should have been a formation of anti-isolysin. 

It goes without saying that we repeated these experiments on 
a large number of animals in order to exclude all accidental phenom¬ 
ena. In the course of these experiments we noted numerous and 
interesting variations in the reaction to isolysins. 

Of special interest is goat B, which had been treated exactly like 
buck A. At first it seemed as though the experiment with this 
animal would run an entirely different course, for during the first 
fourteen days we were unable to detect even a suggestion of an iso¬ 
lysin. The red cells, however, remained completely sensitive to the 
isolysin derived from buck A. Then suddenly on the fifteenth day 
after the blood injection a hsemolysin made its appearance, one 
which acted on goat blood quite as strongly as the isolysin of buck 

A. The animaPs own blood-cells were just as insensitive to this 
hemolysin as were those in the first experiment to theirs. Here also, 
then, we were dealing with an isolysin, not an autolysin. The sen¬ 
sitiveness of the blood toward isolysin A continued. We now 
examined the majority of our goats in order to determine their sen¬ 
sitiveness to this isolysin, and found that some animals which were 
highly sensitive to isolysin A were very slightly sensitive to isolysin 

B, and vice versa. The blood of buck A occupied a peculiar place. 
It was as completely insensitive to isolysin B as it was to that of 
its own serum. 

From the behavior of the blood of the various animals toward 
these two isolysins. it was clear that these isolysins were essentially 

2 . 9-48 NLO 
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different. This was positively proven by the fact that the anti- 
isolysin A was entirely ineffectual against isolysin B. The difference 
between these two isolysins is further illustrated by the difference 
of the intervals between blood injection and isolysin formation. In 
the one case this was only a few days and in the other fourteen days. 
That the injection of the goat blood should result in the formation 
of two entirely distinct and easily differentiated isolysins was cer¬ 
tainly a remarkable phenomenon. And yet this did not exhaust 
the multiplicity of the isolysins. 

In a third goat, C, (injected on the same day as B and with sim¬ 
ilar amounts of the same blood,) a haemolysin C appeared on the 
seventh day which again differed from isolysins A and Ik This, 
furthermore, proved itself an isolysin, for the blood-cells of the ani¬ 
mal were entirely insensitive to its action, though they w r erc sensitive 
to isolysins A and B. This fact shows that isolysin C differed from 
isolysins A and B. It is specially noteworthy that, although the two 
goats B and C were injected at the same time with similar amounts 
of the same blood, they should develop different isolysins. This 
observation is particularly important because it show’s that the 
constitution of the isolysin is dependent on the individuality of the 
animal in which it is developed. 

It is also very remarkable that these three isolysins, A,B, and C, 
were able to destroy not only goat blood-cells, but also those of 
sheep. The sheep erythrocytes therefore possess three different 
groups which are identical with those of these goat blood-cells, or 
at least are closely related to them. On the other hand still another 
isolysin, D, does not dissolve sheep blood-cells. 

After having observed three different isolysins in three different 
goats, we are in no wise to assume that this exhausts the possibilities, 1 
On the contrary, it seems highly probable that by further experi¬ 
ments we shall come to know other isolysins. Nevertheless it must 
not be assumed that this variation of the isolysins is unlimited. 
It is to be expected that a sufficient repetition of the experiments 
will finally lead us to recognize a certain cycle of constantly repeat¬ 
ing types. The attainment of this goal, however, is rendered very 

1 Note on revision .— In the mean time we have obtained a fourth isolysin , 
D, which differs from isolysins B and C in the fact that it dissolves the Wood- 
cells of B and C. Erythrocytes of A are not dissolved, but the isolysin differs 
from A in its behavior to various normal kinds of goat blood. The behavior 
of isolysin D toward sheep blood has already been mentioned. 
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only one which fulfills the conditions necessary for a permanent 
existence of a free haemolysin. 

The course of the reaction, however, is entirely different in the 
second case, i.e., when the group a of the foreign blood-cells which 
fits into the receptor group is found also in the organism of the 
animal injected, being present in its blood-cells and tissues. In this 
ease, groups fitting to one another would be present in the same 
organism. A pregnant example is seen in this, that both the rennin 
and the antirennin group may occur simultaneously in the organism. 
In fact we believe that this simultaneous occurrence of such corre¬ 
sponding groups is a very frequent phenomenon in the economy of the 
organism, and that it occurs especially in those cases in which a 
certain cell is dependent for its nutrition on the products of a dif¬ 
ferent kind of cell. 1 

If this is the case, i.e., when group a is present in the organism 
beside the receptor group, the first phase will proceed just as in the 
first case. There will be a binding, regeneration, and thrustlng-off 
of the receptor as immune body. The difference in the course of 
the reactions becomes manifest in a second phase in which these 
thrust-off receptors are taken up by group a. 

Under certain circumstances this might lead to serious injury, 
namely, when the thrusting-off of the receptors as immune bodies 
occurs so suddenly that the organism is overwhelmed, the red blood- 
cells anchoring the receptor group and being dissolved by the ever¬ 
present complement. In this case, then, an autohjsin could develop. 
But this result need not of necessity ensue. It can be prevented, 
for example, if at first only small amounts of the liberated receptor 


1 In contrast to this we shall have to assume that singular haptophore groups 
occur wherever it is designed to catch hold of certain exogenous constituents 
of the nourishment. In immunization it is of some consequence whether a 
singular group functionates as receptor, or one which corresponds to another. 
The former is probably the case with the toxin, and this permits of an extraor¬ 
dinary increase in the production of antitoxin, being limited by no regulating 
contrivance. If, however, the antigroup is present in the organism, owing to 
secondary influences, a regulatory production of new antigroups will occur. 
This might be the reason why it is apparently impossible to increase the pro¬ 
duction of antirennin to any desired degree. The antirennin finds the corre¬ 
sponding rennin group in the organism and causes the production and thrusting 
off of this group. As a result of this series of changes we find at one time that 
the serum of an animal contains free antirennin, at another time that rennin 
is being excreted by the urine. 
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(immune body) reach the tissues. This would effect a production 
and thrusting-off of the corresponding group a, which would then 
circulate as an antiautolysin and serve to switch the autolysin there¬ 
after formed, away from the blood-cells. Be this as it may, whether 
the organism be injured as a result of an acute flooding with the 
liberated receptors, or whether this injury be prevented by the slow 
course of the reaction, the end result in the second case will regularly 
be a development of an antiautolysin . 1 

The three possibilities, therefore, which present themselves on 
the injection of blood of the same species are: 1, the failure of any 
formation of hcemolysin; 2, the formation of an isolysin; 3, the develop¬ 
ment of an antiautolysin. 

Each haptophore group of the red blood-cells (and we have reason 
to assume a large number of different groups in each erythrocyte 
of every species) will have to react, in the animal body, according 
to the above scheme. This leads to a large number of possibilities. 
If, for example, an injected blood-cell possesses three haptophore 
groups, a, /?, y, it will be possible for a to cause the development of 
an isolysin, /? an antiautolysin, while y produces no effect whatever. 

This, of course, complicates the problem extraordinarily. A 
multiplicity of variations is presented whose complete investigation 
would require a great deal of time and labor. The three cases above- 
mentioned, however, amply suffice to explain all our observations 
thus far. The differences in the three isolysins previously described 
are to be ascribed to the action of three different haptophore groups 
of the blood-cells; and the fact that the same blood injected into two 
animals causes the development of different isolysins is to be explained 
by the individual differences in the receptors. Finally, the failure 
of any isolysin reaction whatever would correspond to an absence 
of suitable receptors. 

1 The cases here discussed are of general significance for the question whether 
haemolysins exist at all, and they determine also the conditions under which 
the hemolysins of normal serum are capable of existence (see also the second 
communication, pages 11-23). The fact that a normal haemolysin dissolves the 
blood-cells of foreign species but spares its own blood-cells, that, for example, 
dog serum dissolves guinea-pig blood, rat blood, goat blood, sheep blood, etc., 
but not dog blood, is only a single instance of the above-mentioned general 
law that autolysins are not capable of existence in an organism; for the presence 
of receptors, which is essential to the production of autolysins, would, if the 
autolysins should develop, soon result in a compensation by means of anti¬ 
autolysin formation. 
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Though the existence of the antiautolysin is theoretically 
sible, we have thus far been unable to demonstrate it. To do 
it would first be necessary to get hold of an appropriate autol; 
The possibility of getting this, however, is only conceivable it* 
favorable cases where the autolysin might be produced critic 
and in large amounts. This certainly did not occur in the < 
observed by us, and we were therefore compelled to try a difTc 
method to demonstrate such an antibody. We know of a nur 
of hasmolysins which dissolve goat-blood and which therefom 
to certain haptophore groups of the goat blood cells. It is 
ceivable that one of these haptophore groups is identical with, 
of the autolysin sought for, and that an antiautolysin fits 
group’. 1 

With this end in view we have made a number of experim 
and tested the action of our inactive goat serum on the goat-1 >1 
dissolving action of dog serum, pig serum, and goose serum a* < 
the serum of a rabbit treated with goat blood. The results, howi 
were not positive. From this, of course, we are not to cone 
that antiautolysins are not at all present in these cases. We i 
rather extend and vary our experiments in all possible direct! 
until a lucky coincidence leads us to find a fitting hsemolysin. 

Perhaps the most important of the questions thus presents 
whether this deficiency of binding groups in the red cells is perform 
or whether it is due to a new regulating power of the organism, 
the latter case this power would be suited in the highest, degprci 
protect the body even without the formation of an antiautolh 

In one case, to be sure (goat E), it seemed as though the In 
sitiveness was developed only in response to the blood in j eel 
The blood-cells of this goat (the goat had been repeatedly injetc 
were primarily sensitive to isolysins A and B. After the injem 
there developed a complete insensitiveness to isolysin B, althtc 
the sensitiveness to A remained. In this case an isolysin w&m 
developed, so that if accidental circumstances are excluded, it app 
as if under the influence of this blood injection a ‘direct chanjg 
destruction of the binding .groups had taken place. 

We may perhaps also assume that the complete insensitive? 

1 The multiplicity of the combining groups of the blood-cells is well Ulvimtl 
by the blood of buck A. This blood is insensitive to the isolysins merui t 
Independently of this, however, it retains complete sensitiveness to hsemol; 
of a different origin, pig serum, goose serum, specific goose serum from rat 
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of buck A to isolysin B is a secondary one, due to the treatment; 
for thus far, among the many normal goats examined, we have failed 
to find a single one whose blood-cells are completely insensitive to 
isolysins A or B. 

These phenomena require further and more extended investi¬ 
gation, and in this we are at present engaged. 

In closing we should like to point out that the difference between 
isolysins and autolysins emphasized by us makes several recent 
attempts directed to the solution of certain pathological processes, 
particularly those of autointoxication in man, appear questionable. 
It has frequently been ascertained that serum secretions and excre¬ 
tions of the diseased body are poisonous in animal experiments, 
and the conclusion has been drawn that the substances to which 
this poisonous action is due must exert an injurious effect on the 
organism of the patient. From the above analysis we see that this 
conclusion is not at all imperative. If, for example, the serum of 
a scarlet fever patient is especially toxic to guinea-pigs, it is possible 
that the same may be absolutely harmless to the patient himself. 
Even if one demonstrates that the serum of anaemic individuals dis¬ 
solves the blood-cells of other individuals, it does not prove that 
this property is of any significance for the origin of the anaemia. 
On the contrary it is highly probable that this haemolysin is only 
an isolysin and not an autolysin. 

The above experiments may suffice to show how very complicated 
the conditions are when the material of its own body is absorbed 
by an organism. Drawing a general conclusion, however, we may 
say that such an absorption, which as already stated extends to 
the greatest variety of cells and occurs in numerous instances, will 
not as a rule lead to permanent injury of the organism, owing to 
the formation of reaction products. Only when the internal regu¬ 
lating contrivances are no longer intact can great dangers arise. 
In the explanation of many disease phenomena it will in the future 
be necessary to consider the possible failure of the internal regu¬ 
lations as well as the action of directly injurious exogenous or endog¬ 
enous substances. 






IV. CONTRIBUTIONS TO THE STUDY OF IMMUNITY.* 

By Dr. von Dungern, University of Freiburg, Germany. 

A. New Experiments on the Side-chain Theory. 

The combining experiments of Ehrlich and Morgenroth 1 2 * showed 
conclusively that the two components of an immune serum necessary 
for haemolysis and first demonstrated by Bordet, namely the immune 
body which withstands heating to 56° C. and the complement (addi- 
ment) which is present even in normal serum, can under certain cir¬ 
cumstances exist in a serum side by side, uncombined. The immune 
body possessed a strong affinity to the blood-cells to which it spe¬ 
cifically belonged, being anchored by these cells at 0° C. and thus 
separated from the complement, which latter remained in the serum. 
The complement was abstracted from the serum by the erythrocytes 
only at higher temperatures provided the immune body was present 
at the same time. When the latter was absent the blood-cells failed 
to combine with any complement whatever. The complement, 
therefore, because of its lack of affinity, was unable to act on the 
blood-cells, and likewise the mere anchoring of the immune body 
by the blood-cells, without the presence of the complement, was 
unable to effect any haemolysis. The most plausible explanation 
for these facts was this, that solution is effected by the complement, 
but that this substance first requires the immune body to enable it 
to lay hold of the blood-cells. 

Bordet 8 has assumed that the immune body, independently of 
the complement, combines with the substance of the erythrocyte 
and so changes this that it (the erythrocyte) now combines with 
the complement. Against this assumption must be urged that 
as a matter of fact there is a definite relation between immune body 

1 Reprinted from the Munchener med. Wochensohrift, No. 20, 1900. 

2 See pages 1-23 of this volume. 

8 Annales de ITnstitut Pasteur, 1899, No. 14. 
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and complement of the same species. An immune serum inactivated' 
by heating to 56° C. can always be reactivated by the addition of 
fresh blood serum from an animal belonging to the same species as 
that from which the immune serum was derived. The complements 
of other species of animal, however, reactivate this immune body 
in the most divergent manner. 

The results of the combining experiments were readily harmonized 
with the requirements of the side-chain theory. The immune body 
is nothing but a side-chain with two haptophore groups, which has 
been produced in excess and thrust off into the blood. One of these 
haptophore groups possesses a strong chemical affinity for the corre¬ 
sponding group of the erythrocyte, and ordinarily it serves to anchor 
nutritive material possessing corresponding haptophore groups to 
the cells. The other haptophore group is able to combine more 
or less completely with complement present in the serum. It is 
probably designed to collect from the blood plasma the ferment¬ 
like complement, which, by splitting up the nutritive substances, 
makes their assimilation possible. 

There is, however, another view to take of these phenomena. It 
is comprehensible that the cell, as such, produces the two compo¬ 
nents necessary for haemolysis simultaneously and in relation with 
each other, in such fashion that in the assimilation of the substances 
anchored, it constantly produces the complement required by means 
of its own activity and does not depend on the supply from with¬ 
out, from the blood plasma. The assumption of such a complex 
system—in which two members so intimately connected are yet 
so readily dissociated—offers difficulties which it is unnecessary to 
discuss further, especially because, as will be seen later, experi¬ 
ments have precluded this possibility. 

If, however, the side-chain theory is correct we shall expect: 

1. That immune body and complement are not present in the 
immune serum in equivalent proportions, but that quantitatively 
they may be independent of each other. 

2. That the same group of the red blood-cells which in haemolysis 
combines with the immune body causes the production of the im¬ 
mune body. 

3. That cells which possess such form of complex side-chains are 
enabled by the presence of the / complementophile groups to abstract 
complement from the blood serum. 

1. The question whether in the immunity reaction only the inac- 
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tive immune body is produced, which then combines secondarily 
with the complement present in the blood, or whether the two sub¬ 
stances reach the circulation together, can under favorable con¬ 
ditions be answered by an exact quantitative analysis of the immune 
serum for immune body and complement. 

I have therefore treated a number of rabbits with cattle blood, 
cow's milk, and tracheal epithelium of cattle, and examined the 
haemolytic immune sera thus obtained for their exact content in im¬ 
mune body and complement. Corresponding to the material injected, 
the erythrocytes of cattle were always used as a reagent. The 
method employed was the same in all cases; decreasing amounts of the 
various blood sera were mixed, each with one-half cc. 5% cattle 
blood dilution (in 0.8% NaCl solution), the mixture was kept at 
37° C. for two hours and tested for haemolysis. It was then very 
readily proven that an equivalence between immune body and com¬ 
plement does not at all exist. 

If such an equivalence were present, the immune body of the 
fresh immune serum would be completely saturated with complement 
and would not become more active by the further addition of com¬ 
plement. The experiments demonstrated the contrary, for in some cases 
the power of the immune sera was markedly incraseed by the addi¬ 
tion of normal rabbit serum, which, in the doses employed, was not 
itself able to effect the slightest solution of the cattle blood-cells. 
For example, if the fresh serum of a rabbit which had been treated 
with cattle blood was able to make ten times its volume of a 5% 
cattle blood mixture completely laky, the same serum on the addi¬ 
tion of a sufficient amount of complement was able to dissolve 320 
times its volume. On comparing the various immune sera with each 
other, it is seen that this increase in the haemolytic action on the 
addition of complement is in direct proportion to the amount of im¬ 
mune body present. 

The experiments therefore prove that quantitatively the immune 
body is entirely independent of the complement. 

We can, however, go further and determine quantitatively the 
exact amount of complement contained in the normal serum on the 
one hand and in the immune serum on the other. 

The amount of complement contained in the various normal 
sera was determined by always testing with the same amount of a 
blood immune body. Infixing such a standard serum it is only neces¬ 
sary to take m a measure the action of an immune body saturated with 














CONTRIBUTIONS TO THE STUDY OF IMMUNITY. 


39 


for equal amounts of immune body act differently with 
< til* amounts of complement. In all my tests on the amount of 

eou*j>i G . riaen t conta i ne( j jjj a serum, I used so much inactivated blood 
innuuue serum that the immune body, when saturated with com- 
could dissolve sixteen times the amount of blood present. 

1'Ito experiments demonstrated that the amount of complement 
<<»n t ained in normal rabbit serum is fairly constant, and even in 
di{T*Totx-t animals is not subject to great fluctuations. Proceeding 
described, it was found that complete solution took place 
in id l cases on the addition of V 40 to V 20 cc. normal serum. Within 
d«ll I to limits therefore the complement in rabbit blood seems fixed. 

'I'he amount of complement contained in immune serum could be 
di'i * ‘I'mixied by comparing the hemolytic action of the fresh serum 
its action, after inactivation (by heating for twenty minutes 
fr> i>f5° C.),on the addition of various amounts of normal rabbit serum, 
thr* complement content of which was known. 

yVie serum of the rabbits treated with cattle blood , serum which had 
hrn shaven to contain such a large excess of immune body, was tested 
1, 4, 11, and H days after the injection and failed in all of the 

rm tntnrouLs cases to show even a trace of increase in the amount of com- 
it contained . A peculiar state of affairs is thus presented. 
Hiru»e haemolytic action is dependent on the immune body so far 
m t Ins can combine with the complement, we see that the haemolytic 
fiction, of fresh immune serum can be increased only up to a certain 
joint., determined by the amount of complement contained in the 
fiortnial blood serum. All * additional amounts of immune body 
ffirmed in the course of the immunity reaction therefore remain 
litf orvfc, and manifest their action only when the immune body is 
brou^h.t into combination with greater amounts of complement. 
Tli 114 can be done artificially, in test tube experiments, by the addi¬ 
tion of normal serum, or experimentally by injecting the immune 
into a suitable animal body. 1 

Trrtmune serum therefore differs from normal serum only in its con- 
1 , f t f 4 r>f 'inactive immune body. Accordingly, in the immunity reaction, 
fit tlv* inactive immune body is produced by the cells in excess. This 

i also the earlier observations, as those of R. Pfeiffer, on cholera serum, 

own on epithelial immune serum, and those, of Moxter on antispermatozoa 
m*r%tr*rk , in which the immune sera, in themselves little or not at all active, showed 
full power when injected into fitting animal bodies, are to be explained 
|iy ffeo relative poverty of these sera in preformed complement. 
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result is easily understood on the basis of the side-chain theory, 
if we assume that the production of the complement is entirely inde¬ 
pendent of the binding of the injected substances by the side-chains, 
and is probably referable to other cells. If the production and 
thrusting off of the particular side-chains exceeds a certain limit, these 
side-chains will fail to find in the blood serum any more complement 
whose haptophore group is still available. The disproportion between 
immune body and complement then sets in. This will 1 be most 
marked in those cases in which the normal serum contains but little 
complement and in which a considerable production of immune body 
can be effected. 

2. Certain experiments which I have described in a previous com¬ 
munication regarding globulicidal action of the animal organism 1 led 
me to the view that the immune body combines with a particular 
group of the blood-cells and thus leads to their solution. This con¬ 
ception was based on the fact that a specific affinity exists between 
erythrocyte and the corresponding immune body, which affinity must 
be the same in the production as in the action of the immune body. 
According to the side-chain theory just this affinity is the driving 
force which on the one hand anchors the corresponding group of 
the erythrocyte to the preformed side-chains (such side-chains when 
thrust off constituting the immune body), and on the other, in 
haemolysis, anchors the immune body, and with it the complement, 
to the blood-eells. 

It must always be conceded to the opponents of this view that the 
evidence to prove such complicated processes as will develop in the 
cells after inoculations of blood into an animal body will not, perhaps, 
be absolutely conclusive. If one were willing to forego an explana¬ 
tion of the specificity, one could assume that the immunity reaction 
is based on an increase of the normal function of certain cells whose 
products are formed without requiring a certain group to fit into a 
corresponding one. 

It was therefore of great interest to be able to show experimentally 
that the group which in haemolysis combines with the immune body 
actually gives rise to the production of the immune body. This 
demonstration was effected by injecting blood together with inac¬ 
tivated blood immune serum. 

If the development of the antibody is independent of the group 


# Munch, med. Woehensehiift, 1899, Nos. 13 and 14. 
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to which the immune body is attached, the immunity reaction 
will be exactly the same whether the injected blood is loaded with 
immune body or not. If, however, the production of the immune body 
is dependent entirely on the molecular group for which the immune 
body possesses a specific affinity, no immune body will be developed 
when a sufficient amount of inactivated blood immune serum is 
added to the injected blood, since the group is already occupied by 
immune body and no longer offers the cells a point of attachment. 

The experiments completely confirm the latter assumption. 
When the blood loaded with immune body was injected, no immune 
body whatever was developed in the injected animal; whereas in a con¬ 
trol rabbit, injected with exactly the same amount of cattle blood 
(30 cc.), but without immune body, so much was produced that 
the serum eleven days after the injection was able to dissolve com¬ 
pletely eight times its volume of full blood provided sufficient com¬ 
plement was added. 

This fact, like many others, speaks against the idea that the 
immune bodies or the analogous antitoxins are not reaction products 
of the organism but are derived by modification from the substances 
introduced, a view still maintained by certain high authorities. The 
phenomenon, however, is readily explained on the basis of the side- 
chain theory. Since the particular groups of the erythrocytes, 
which otherwise give rise to the immunity reaction, are already 
occupied by immune body, it is impossible for them to be bound 
by the side-chains, which are absolutely similar to the immune body. 

3. According to the researches of Ehrlich and Morgenroth, the- 
erythrocytes of sheep possess no affinity whatever for the complement 
of normal goat serum. If instead of sheep blood-cells, one employs 
those of cattle and allows them to act on rabbit blood serum, exactly 
the same thing will be observed; the rabbit blood serum, centrifuged 
after prolonged contact with the blood-cells, shows no diminution 
in the content of complement. If, however, other cells, e.g., ciliated 
epithelium from the trachea of cattle, be mixed with rabbit serum, the 
result is directly opposite, the complement decreasing, and even under 
some circumstances disappearing entirely. In like manner the rabbit 
serum may lose its complement through the action of other cells. 
In the case of various mammals and birds, every one of the organs 
tested—liver, spleen, kidney, testis, lung, and brain—was able to 
abstract more or less complement from the rabbit serum. Yeast 
cells and fission-fungi were also able to effect this. Especially remark* 
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able, however, is the fact that the body cells of the same animal 
are able to produce this phenomenon. 

Exact quantitative examinations showed that there were dis¬ 
tinct differences. The spleen and kidney of a rat, for example, were 
more strongly active than the same organs of a guinea-pig, while 
the liver tissue of the two species possessed equal activity; the 
spleen and kidney of the rat abstracted more complement from 
rabbit serum than did the same quantity of liver tissue, whereas 
in the guinea-pig the liver acted more strongly than the spleen, and 
the latter, again, more strongly than the kidney. Virulent cholera 
vibrios acted only one-quarter as strongly as the completely avirulent 
“cholera Calcutta.” (The number of active individuals could not, 
of course, be regarded.) Yeast cells were weakly active, anthrax 
bacilli strongly so. In the case of anthrax bacilli I tested the action, 
of heat * on this property to abstract complement from rabbit serum, 
and found that it is not destroyed by heating the bacilli for twenty 
minutes to 56° C., but that it is destroyed by heating them for only 
a short time to 98° C. But the property of the cells to abstract 
complement from rabbit serum is lost not only through the action 
of heat, but also when the particular cells previous to their mixture 
with rabbit serum haw been allowed to remain in contact with another 
serum . For example, 1 grm. finely crushed kidney tissue of cattle 
is mixed with 2 cc. cattle serum, allowed to act at 37° C. for half an 
hour and then separated from the serum by centrifuge. 3f 2 cc. 
rabbit serum are now added to the sediment, and this is allowed 
to stand for half an hour at 37°, it will be found on testing with cattle 
blood immune body that there is no diminution of complement 
content; but such a diminution does occur when, with exactly the 
same procedure, 8 p. m. NaCl solution is used in place of the cattle 
serum. 

These phenomena are best explained by assuming that the cells 
in question, in contrast to the erythrocytes, possess groups which 
have a very close chemical relation to those of the complement which 
reactivates the cattle blood immune body. The affinity of the cells 
may, in fact, be greater for the complement than for any immune 
body directed against other cells of the same animal species. For 
example, if we add ciliated epithelial cells from the trachea of cattle 
to an immune serum derived from a rabbit by treatment with cattle 
blood, we Shall under favorable circumstances find that the immune 
body has been partially, but the complement completely, abstracted 
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from the serum. In this, therefore, the combining relations are 
just the opposite of those found by Ehrlich and Morgenroth to exist 
between blood-cells and their corresponding immune body. The 
tracheal epithelial cells must therefore possess complementophile 
groups. The immune bodies, which according to the side-chain theory 
are only the side-chains thrust off into the circulation, are similarly 
supplied with complementophile groups. These facts speak for 
the correctness of the views of Ehrlich and Morgenroth, especially 
when we consider that a cell, corresponding to its many-sided func¬ 
tions, possesses not merely one kind of side-chain, but side-chains 
of the most highly developed form. 

Mammalian erythrocytes in contrast to the tissue cells seem 
not to possess complex side-chains; and this is readily understood 
when we consider that the red blood-cells of these animals, being 
without a nucleus and unable to maintain their nutrition independently 
are not complete analogues of the tissue cells; and further that 
their conditions of nutrition, corresponding to their simpler func¬ 
tions, must be less complicated than those of the typical tissue cell. 
Among the living constituents of the body, the red blood-cells con¬ 
stitute the simplest case and are therefore particularly adapted to 
the solution of many special problems in immunity, as can be seen 
from the course of the last experiments. 

The phenomenon, that body cells are able to abstract complement 
from the serum, furnishes us with a good explanation of the fact 
that immune sera are often so little active in an organism of a dif¬ 
ferent species. The immune body, which in stronger concentrations is 
not saturated with complement, even when the immune serum is 
perfectly fresh, can lose its complement entirely in the body of an 
animal of different species; it will therefore become active only when 
it finds a fitting complement in the new organism. Hence in serum 
therapy it is advisable, as Ehrlich has proposed, to employ for pur¬ 
poses of immunization, animals closely related to man, and further¬ 
more to search for anthropostable complements. 

B. Phagocytosis and Glolbulicidal Immunity. 

In a previous communication 1 1 expressed the view that the specific 
increase of the globulicidal function of the organism, following the 
introduction of chicken and pigeon blood, is due to the action of the 


1 Munch, med. Wochenschrift, 1899, Nos. 13 and 14. 
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serum and not to the activity of the phagocytes. That the taking 
up of the blood-cells by the phagocytes in the specifically treated 
guinea-pig is necessary for the solution of the blood-cells was ex¬ 
cluded by the fact that haemolysis is also effected in the peritoneal 
cavity of the animals apart from the phagocytic cells. Furthermore, 
a transference by the phagocytes of the substances necessary for 
solution was not suggested because the exudate, rich in leucocytes, 
which was produced in specifically immunized guinea-pigs by in¬ 
jections of ah aleuronat mixture, showed a much smaller content 
of both immune body and complement than the blood which was 
poor in leucocytes. 

Metchnikoff has objected to these experiments. 1 He states that 
aleuronat exudates contain principally microphages, whereas the 
blood is richer in macrophages, and that the latter alone are con¬ 
cerned in haemolysis. I have therefore tested the spleen (rich in 
macrophages) of normal rabbits and guinearpigs with a cattle blood 
immune body derived from rabbits in order to determine the amount 
of complement present. The experiments have demonstrated that 
the spleen also contains much less complement than the blood serum. 
For example, 1 grm. finely crushed spleen of an exsanguinated rabbit 
was mixed with 4 cc. of an 8 p. m. NaCl solution. This fluid, like 
similar mixtures derived from liver and kidney, when tested in the 
usual manner proved from eight to sixteen times weaker than the 
blood serum. Moreover, if the suspended organic particles were 
first washed with physiological salt solution, they yielded no com¬ 
plement whatever to the immune body. The spleen of a guinea-pig 
contained still less complement, although the serum of this same 
animal completely activated the cattle blood immune body derived 
from rabbits, and did so in even smaller quantity than the rabbit 
serum. 

We must therefore in conformity with the side-chain theory look 
to the blood serum as the chief source of complement. 

It is self-evident that the complement cannot originate in the blood 
plasma; it must, of course, be derived from some kind of cells. How¬ 
ever, that it is especially abundant in the phagocytes is not at all 
borne out by the above experiments. 

As for the immune body, Metchnikoff too believes this to circulate 
free in the blood plasma. According to his conception the macro- 


1 Annales de Tlnst. Pasteur, 1899, No. 10. 
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the immune body. The immunity reaction occurs even under con¬ 
ditions in which phagocytosis does not at all enter; and if, accord¬ 
ing to the observations of Metchnikoff, somewhat less immune body 
is produced after subcutaneous injections than after equal injections 
peritoneally, this may be explained as follows: In consequence of 
the slower absorption from the subcutaneous tissues, fewer cells 
come into contact with the group of the erythrocytes which excites 
the immunity reaction before an excess of immune body is thrust 
off by these cells into the blood. This immune body, of course, 
prevents any further combination of the group in question with other 
cells. 

To what extent the phagocytes are concerned in the production 
of immune bodies must be determined separately in each case. No 
definite conclusions can be drawn from the experiments of Metchni¬ 
koff on guinea-pigs with goose blood-cells, for at no time did the 
organs of the specifically treated guinea-pigs show a stronger glob- 
ulicidal notion than those of normal animals, although such an 
increase in haemolytic power was exhibited by the blood serum. But 
the observation has been made that even in normal animals the 
organs rich in macrophages are able, in contrast to other tissues, to 
dissolve goose blood-cells, and this observation is well adapted 
in this case to support the assumption of a special significance of 
the phagocytes for this function. However, that organs rich in 
macrophages effect haemolytic action is not necessarily the case. For 
example, the spleen of a guinea-pig (1 grin, finely crushed spleen 
suspended in 1 c.c of an 8 p. m. NaCl solution), in contrast to the 
blood serum of the same animal is not globulicidal for cattle blood. 

Considering the large number of immune bodies, it will surely 
often occur that the phagocytes are preeminently concerned in the 
production of the immune body, especially since these cells frequently 
come into intimate relations with the injected substances. On the 
other hand, it is extremely improbable that the phagocytes alone 
produce i m mune body. After all that has been said we shall have 
to bring this production into relation with the general conditions 
of nutrition. The most varied cells, according to the kind of side- 
chains they possess and the affinities thereby brought about, are 
probably able to produce immune body. 

Like the closely related antitoxic immunity reaction, the globu¬ 
licidal and bactericidal reactions rest on a chemical process the 
course of which is best explained on the basis of the side-chain theory. 
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\m'tt thriM nfT into tin* blood, still functionate* $m receptor, it mu 4 
anchor flu* tHnim* ]»nt*on to the nerve cell* ami U therefore iiof 
at all aduptwi to protect the!e agmied the action o{ the toxophore 
group. Furthermore, the fart that itiitiintiixed animal i Mitmt 
Similarly prove- tnerely that in th«*e ummnhs, after itnmttiitanfion, 
the ganglion relb ctill riwrptors Awarding to the dde- 
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Metchnikoff 1 has pursued this question as to the origin < 
antitoxins further. Since a positive conclusion did not seen 
sible to him by the use of the bacterial poisons, he employed a s; 
cell poison, spermotoxin, which can be produced by treating g 
pigs with the testicle and epididymus of a rabbit. The use c 
poison has the advantage that the organs against which it is di: 
can be removed from the animal without serious injury. A 
injection of this poison into the body of male rabbits is fol 
by the production of an antibody, it was merely necessary to i 
this procedure on castrated rabbits to decide the question wl 
the antispermotoxin is produced only by the sexual cells oi 
by other organs. 

The results showed that the sera of rabbits which had been in; 
with this spermotoxin would protect rabbit spermatozoa a^ 
the action of the spermotoxin no matter whether the rabbits 
whom these sera were derived had been castrated or not. 

According to Metchnikoffs view, this is opposed to the 
■chain theory, “ since,” as he says, u an antitoxin is produced 
out the presence of corresponding receptors in the organism.’ 
this, however, Metchnikoff starts with the assumption that the sp< 
toxin is absolutely specific and that it acts exclusively on sp< 
tozoa. He believes that the haemolytic action which he has obs< 
in the spermatozoa immune serum may be explained by assn 
that with the injection of testis and epididymus red blood-cells 
introduced, and that these produced a hsemolysin entirely inde] 
•ent of the spermotoxin. Further, he thinks that any relation c 
spermotoxin to other cells is excluded by the fact that in the s 
■of guinea-pigs which have been treated with spermatozoa 
cells suffer no greater change than they do in normal guine 
serum. 

Having made observations in the course of my investigatioi 
•epithelial immunization, which contradict these assumption 
Metchnikoff, I feel compelled to explain my views in order to 
up the entire matter. 

As I have mentioned in a previous communication 2 the cil: 
epithelial immune serum is able, besides its specific action on cil: 
epithelium, to dissolve the red blood-cells of the same animal spc 

1 Annales de Plnstitut Pasteur, 1900, No. 1. 

2 Munch, med.- Wochenschrift, 1899, No. 38. 
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This, of course, is readily understood by means of the side-chain 
theory. One could not well assume that all the side-chains of a 
certain group of cells are entirely different from all the side-chains 
of the rest of the cells. It is much more probable that certain groups 
which serve general functions of nutrition arc common to the majority, 
if not to all, of the cells of the same animal. 

When, therefore, after the injection of ciliated epithelial cells 
we see a haemolytic immune body develop, we may assume that 
among the groups of the ciliated epithelial cell which effect the 
immunity, there are some which are identical with those of the red 
blood-cell or at least closely related to them chemically. 

If this view is correct we should expect that, conversely, the 
immune body of an immune serum derived by treatment with blood, 
would be bound by ciliated epithelial cells of the same species. The 
facts correspond entirely with this assumption. According to my 
experiments, epithelial cells from the trachea of cattle are able par¬ 
tially to bind the blood immune body derived by treating rabbits 
with cattle blood. The affinity of the ciliated epithelium for the 
blood immune body is, however, as already mentioned, less than 
that for the haemolytic ciliated epithelial immune body of the rabbit 
immune serum. 

With this a further fact of considerable importance becomes 
manifest. Although the ciliated epithelial cells are destroyed by 
the ciliated epithelial immune body (provided sufficient complement 
is present), it has thus far been impossible to demonstrate any injury 
of these cells resulting from the binding of the active blood immune 
body. The epithelial cells thus differ from the red blood-cells, which 
are destroyed even by the antiepithelial serum. We shall not enter 
into an explanation of these phenomena, which point to a multiplicity 
of antibodies produced in response to cell material. It will suffice 
to point out that there is a whole series of substances which are 
designated as blood poisons, because they attack especially the 
red blood-cells while they have little or no effect on other cells. 

The fact that the blood immune body when supplied with com¬ 
plement is bound by the ciliated epithelial cells of cattle without 
causing any apparent injury, proves, at least, that the phenomenon 
of toxic action in no way shows whether or not a toxin or toxin-con¬ 
taining substance has been bound by the cells. The appearance of 
toxic symptoms, to be sure, in the case of antitoxin-forming poisons, 
is proof that the poison has been bound. An absence of toxic symp- 
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tom* may not, however, at onee bo ascribed to an absences of affinity 
between ih*I1h and the poisonous substance. 

Tli v format bn of an antibody, according to the side-chain theory, 
follows only from the binding of the haptophore group which excite* 
the immunity, to the corresponding side-chain, and hence in not 
directly dependent on the toxophore group. 

As to which cells will be able to produce an antibody depends, 
therefore, on the possession of a receptor for the haptophore group 
in question. A highly toxic action of the* substance bound by the 
cell is not at all <*ssential, and, i4 in fact, often injurious, m has been 
emphasized especially by Knurr , 1 This action, as Khrlich fJ has 
shown in his experiments on toxoids, is produced by a molecular 
group entirely distinct from the haptophore group and having no 
relation to the antitoxin. 

If this law applies even to the true toxins, we shall all the mom 
have to assume that it applies where compound substances, such m 
hiemolysin, epitheibtoxin, or spennotoxin are concerned. In these 
the toxophore group is only loosely combined with the haptophore 
group; if is nothing hut the complement, which, according to my 
researches/ 1 can lie laitind by all kinds of cells, even independently 
of the immune inaly, and can, under certain conditions of affinity, 
Im separated from the immune body. 

We see, therefore, that the nssumpt ion by MetelmikofT, that the 
upemiofoxiii b related exclusively to the 8|>crmatoxoa f m incorrect. 
Am against it I have here shown that a toxin obtained by irmmt nida¬ 
tion with epithelial r#lb is able to destroy the red Mwabcelb in the 
mime manner m a trite luemolysin. 

In the following short communication 1 can bring forward an 
additional instance in which the development of 11 iuemolytb immune 
laxly results nit hough the co-action of the red liloacl-eelb b com¬ 
pletely **xe! tided. Kven this demons!rat am proves that the nsstiifijs* 
tioti on whieli MetehinkofT based his objections to the side-chain 
theory m contrary to the facts. The phenomenon that even in 
castrated rabbits an arsttHpcrifintoxin b formed is therefore readily 
explained according to the sirle chain thf*ory liy assuming that re- 

1 Munch mwl Wortnwrltf„ IMfiH, \«a II nritl I *i 
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ceptors for the immune body of the spermatozoa immune serum 
are present not only in the organs of generation but also in other 
cells of the rabbit. When, in addition, we come to consider the 
results of these last experiments, we find that the demonstration 
of Metehnikoff (that even in castrated animals, in response to treat¬ 
ment with spermotoxin, a body is developed which prevents the 
action of the spermotoxin) loses all value as proof for the origin of 
a specific antispermotoxin. 

The active spermotoxin employed by Metehnikoff is of course not 
a simple poison; it consists, just like a haemolysin, of the specific 
immune body obtained by immunization and the complement present 
in all guinea-pig serum. Now it has been shown independently by 
Ehrlich 1 and Bordet 2 that when the complement is injected into 
foreign species it excites the production of an anticomplement which 
inhibits the action of an active immune body by taking away the 
complement, and that it does this without possessing any specific 
affinity to this immune body. 

It is therefore possible that the action of the antispermotoxin 
obtained by Metehnikoff is to be explained thus: The injected 
guinea-pig serum by virtue of the complement (Bordet's alexin) 
which it contains, causes the production of an anticomplement 
serum which then renders the complement of the spermotoxin (de¬ 
rived from guinea-pigs) innocuous. With this idea, Bordet has ex¬ 
amined an antihaemolysin, which is analogous to the antispermo¬ 
toxin, and has found that the action of the anticomplement is much 
more pronounced than that of the anti-immune body. The forma¬ 
tion of an anticomplement does not, of course, according to the side- 
chain theory, presuppose the presence of spermatozoa; for accord¬ 
ing to my experiments the complement may possess affinities for the 
most varied cells of the organism. 

Ehrlich's theory, that the antitoxins are produced by those 
organs which possess chemical relations to the toxins, is therefore 
in no way affected by the observations of Metehnikoff. 

B. Milk Immune Serum. 

After it had been found that it is possible to produce a specific 
immune serum by injecting guinea-pigs with ciliated epithelium from 


1 Croonian lecture, Royal Society, London, March 1900. 
3 Anna!, de Tlnstitut Pasteur, May 1900. 
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the trachea of cattle it was but a step to employ epithelial secretions 
for the same purpose. In conjunction with this it was of considerable 
theoretical interest to determine in this very way whether the specific 
properties of cells are preserved in their secretion products. 

I have therefore employed milk for immunization and have first 
treated guinea-pigs and rabbits with cow milk. The cow milk 
immune serum thus obtained is able, so far as I have been able to 
observe, to kill ciliated cells in the peritoneal cavity of rabbits, though 
in a smaller measure than the specific ciliated epithelial immune serum. 

The affinities of an immune serum are readily determined when 
the serum, like the ciliated epithelial immune serum for example, acts 
also on red blood-cells, for then this can be used as a reagent. Cow 
milk immune serum possesses the property to dissolve cattle blood 
in a not inconsiderable degree. This haemolytic action, as in the 
case of the blood immune scrum and of the ciliated epithelial immune 
serum, is due not to any increased content of complement but to the 
presence of a specific immune body. Hence here also it was pos¬ 
sible to compare the affinities of this immune body (for the ciliated 
epithelium on the one hand and for the red blood-cells on the other) 
with the affinities of the specific blood immune body. 

The two immune sera obtained by injecting rabbits with cow 
milk and with cattle blood were therefore inactivated, equal quan¬ 
tities of normal rabbit serum to serve as complement were added 
to them in excess, and the mixture tested for its haemolytic properties 
on cattle blood. The cow milk immune serum usually showed such a 
degree of action that one part of the immune serum saturated with 
complement was able to dissolve completely 20 parts of the custom¬ 
ary 5% cattle blood mixture. 

Corresponding to this, therefore, the much stronger haemolytic 
cattle blood immune serum was diluted with inactivated normal 
rabbit serum or with physiological salt solution until, with an excess 
of complement, the haemolytic action of the two sera on cattle blood 
was exactly equal. 

When the two immune bodies have in this way been made entirely 
equal so far as the haemolytic property is concerned, it is possible to 
exactly compare their chemical affinities for a particular group of 
cells. It is then easily demonstrated that the two haemolytic immune 
bodies differ in respect to their chemical relations to other cells of 
the same species. 

Thus if equal quantities of ciliated epithelium are added to the 
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two sera and the mixture centrifuged some time after, it will be 
found that the milk immune body has been completely abstracted 
from the serum, but the blood immune body only partially so. Cili¬ 
ated epithelium, therefore, combines more strongly with the milk 
immune body than with the blood immune body. 

On the other hand, the blood immune body possesses a greater 
affinity to the erythrocytes than does the milk immune body. Thus 
if equal amounts of cattle blood are added to the two inactivated 
immune sera (amounts which would be completely dissolved if suf¬ 
ficient complement were present), it will be found after a certain time 
that the blood immune body has been completely bound by the 
red blood-cells, whereas the milk immune body can still partially be 
demonstrated in the serum. 

If one tests a number of different cow milk immune sera in this 
way, the results will show marked variations. My experiments were 
conducted on four different cow milk immune bodies which had 
been obtained by injecting rabbits with cow milk. Three of these 
showed considerably less affinity to the red blood-cells than did 
the specific blood immune body obtained by treatment with blood. 
The fourth, however, was bound by the red blood-cells in about the 
same degree as was the blood immune body. On the other hand, 
cases were observed in which the serum of rabbits after these had 
been injected with cow milk showed only a very slight haemolytic 
action, and this only on the most sensitive of the blood-cells. 

All of these differences manifested themselves quite independ¬ 
ently of the cattle blood employed in the experiment and must there¬ 
fore be ascribed to differences in the immune sera themselves. Pos¬ 
sibly they are due to variations in the kind of receptors, such as 
were found in a marked degree in the experiments of Ehrlich and 
Morgenroth on isolysins. 1 The strong affinity of the haemolytic 
milk immune body for tracheal epithelium, however, was present 
in all the cases examined and it did not differ materially from the 
chemical relationship between ciliated epithelium and its specific 
ciliated epithel immune body. 

Hence by treatment with cow milk we obtain a haemolytic immune 
serum which differs from the blood immune serum, but cannot with 
certainty be differentiated from the ciliated epithel immune serum. 




1 See page 23. 
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The cow milk immune serum, owing to the character of its affinities, 
is to be classed with the epithet immune serum. 

The interesting fact to be deduced from this is that milk con¬ 
tains the same specific groups as the epithelial cells which produce 
it; and this agrees -very well with histological observations accord¬ 
ing to which the protoplasm of the gland cells is itself used in the 
production of the milk. 

After having found it possible to produce a specific epithel immune 
serum by injections of cow milk, it seemed to me that immunization 
with human milk might prove useful in the suppression of carcinoma, 
especially mammary carcinoma. Thus far, however, the treatment 
of dogs and rabbits with'human milk has not yielded an immune 
serum haemolytic for human blood, one corresponding to the cow 
milk immune serum. 




VI. STUDIES ON HEMOLYSINS . 1 

Fourth Communication. 

By Professor Dr. P. Ehrlich and Dr. J. Morgenroth. 

The continued thorough study of both natural haemolysins and 
those produced by injections of red blood-cells leads to the con¬ 
ception of an extraordinary multiplicity of the substances which are 
either normally present in serum or which we are able at will to 
produce therein. That in the action of the artificially developed 
haemolysins two substances are always concerned may now be regarded 
as a fact supported by numerous individual observations. The two 
substances are: (1) the specific immune body produced by immuniza¬ 
tion , and (2) a substance, usually thermolabile, contained even in nor¬ 
mal serum, our “complement” and the “alexin” of Buchner and of 
Bordet. We have shown that the erythrocytes anchor the immune 
body in a specific manner, while they do not combine with the isolated 
complement as such. The fact that the immune body has been 
bound by the corresponding erythrocytes has been confirmed by 
von Dungern, Bordet, and Buchner. Out of a fluid containing both 
immune body and complement* at 0° C. the blood-cells take up 
only immune body, at higher temperatures both immune body and 
complement. We were able to explain this phenomenon only by 
assuming that the immune body possesses two haptophore groups, 
one of greater affinity, which is related to a receptor of the blood- 
cells and acts at 0° C., the other, of less affinity, which combines 
only at higher temperatures with a corresponding group of the com¬ 
plement. 

Our views' can be expressed most simply by means of the fol¬ 
lowing rough diagram (see figure). This will also serve to show 
the close relations existing between Iysins and the true toxins. 


1 Reprint from the Berlin. Min. Wochenschrift, 1900, No. 31. 
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If we bear in mind that the toxins in a restricted sense (diph¬ 
theria toxin, tetanus toxin, etc.) are characterized by two different 
groups, of which one is haptophore and the other toxophore, and 
if we express this by means of a diagram, we shall find that the anal¬ 
ogy between toxins and hemolysins becomes very apparent. The 
active hcemolysin is seen to be nothing but a toxin consisting of two parts. 
One of these parts, the immune body, corresponds to the haptophore 
group of the toxin, while the complement represents the toxophore- 

Fig. 1. 



a, complement; 6, interbody (immune body); c, receptor; d, part of a* 
cell; e, toxophore group of the toxin; /, haptophore group. 

group. 1 In opposition to our views, Bordet assumes that the immune- 
body (substance sensibilatrice) in a manner not definitely stated,, 
sensitizes the blood-cells so that certain injurious substances present- 
in normal blood-serum (alexins) act destructively on these cells.. 


1 This analogy becomes apparent also in heating, for the toxins as well 
as the hsemolysins, through the loss of the toxophore group by the one, or 
of the complement (which corresponds to the toxophore group) by the other,, 
lose their specific action. On the other hand, the residues, which still possess! 
the haptophore group, are able to excite the production of specific antibodies; 
in the organism. In this sense, therefore, the toxoids are analogues of the im¬ 
mune body. 
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The difference between these two views is considerable. According 
to our views the complement (=Bordet’s alexin) possesses a direct 
afiinity ; due to chemical relationship, to the immune body, whilt* 
according to Bordet such a relation is excluded. Since this quest if in 
concerns our scientific understanding of hemolysins and bacterioly, 
sins, and concerns also a basic difference affecting the practical appli¬ 
cation of the bacteriolysins, we shall have to study the subject morn 
closely. 


I. Concerning Alexins. 

Buchner, who by his thorough investigations on the bactericidal 
and globulicidal properties of normal sera laid the most important 
foundations of this subject, assumes that the serum contains cor* 
tain protective bodies, alexins, which act equally on bacteria, foreign 
blood-cells, etc. These alexins, which are essentially of the character 
• of proteolytic enzymes, 1 are of most unstable (labile) nature and Iosif 
their power by being heated to 55° C. Bordet also seems to assume 
the presence, in normal serum, of alexins in Buchner’s sense. 

According to Buchner, the serum of a given species always con* 
tains the alexin as a single definite substance. Now in our second 
-communication we showed • that the matter was much more com* 
plicated than this; that in the hsemolysins of the normal sera examined 
by us the action depends on the combination of two substance# 
which correspond entirely to the two components of the hsemolysin 
obtained by immunization. Hence an “ alexin ” also consists of 
*an interbody which withstands heating, and a complement which 
is generally thermolabile. 2 The interbody is in every respect thti 
complete analogue of the immune body, and the only difference 
between these is that in one case the side-chains of the protoplasm 
are thrust off in the course of normal vital processes, in the other 
^ase this is due to an immunizing procedure. 

Since our second communication we have been able to confirm 
this view by means of a large number of separate cases. Of thes# 
we shall mention only a few which serve, above all, to support the 
immediate consequences of our view, namely, the multiplicity of th$ 
hcemolysins of normal serum. 

Goat serum dissolves the blood-cells of rabbits as well as those 

1 Buchner, Munch, med. Wochenschrift, 1900, No. 9. 

2 Moxter (Centralblatt fur Bacteriologie, Vol. 26) has demonstrated thfg 
salso for a normal bacteriolysin. 


1 
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of guinea-pigs. Heating the serum for half an hour to 55° C. 
causes this property to be lost, owing to the destruction of the com¬ 
plements. On the other hand, one frequently finds horse sera, by 
themselves unable to dissolve the erythrocytes of rabbits or guinea- 
pigs, which are able through their content of complement to complete 
the inactive interbody of the goat serum and make this a complete 
hsemolysin. According to Buchner's views, only a single alexin is 
concerned in haemolysis. We therefore next studied the question 
whether the interbodies which act on the blood-cells of rabbits and 
guinea-pigs are identical. For this purpose we first determined the 
dose of inactive goat serum which, on reactivation by the addition 
of sufficient horse serum, was able to dissolve a certain amount on 
Tabbit or guinea-pig blood-cells. On the basis of these data this 
amount of rabbit blood in physiological salt solution was mixed with 
the required amount of inactive goat serum and after standing a 
short time at room temperature the mixture was centrifuged. The 
result was as follows: The clear fluid mixed with additional rabbit 
blood cells and the activating horse serum showed no trace of solvent 
property; the red blood-cells, originally separated by centrifuging* 
dissolved completely under the influence of horse serum. In a 
parallel series of experiments the clear fluid was mixed with guinea- 
pig blood. In this, complete solution ensued. 

From these experiments the conclusion follows that rabbit blood 
combines with an interbody present in goat serum, and does so* 
in fact, completely; whereas the interbody acting on guinea-pig blood 
is not at all fixed by the rabbit blood. By means of this elective 
absorption, therefore, it is positively determined that normal goat 
serum contains two interbodies, one acting on rabbit blood and the 
other on guinea-pig blood. 

The question at once arose whether these interbodies possess 
a single complement in common or whether there is a special comple¬ 
ment for each. Only after considerable labor were we able to decide 
this question experimentally. We were finally able to determine 
that in the filtration of normal goat serum through Fukall filters, 
the first portion (6-10 cc.) possesses a markedly different solvent 
power for rabbit and guinea-pig blood. We herewith reproduce 
an experiment of this kind. 

0.15 cc. of goat-serum previous to filtration was able to dissolve 
completely 2 cc. of a 5% mixture of guinea-pig blood, while 0.2 cc. 
serum was able to dissolve the same amount of rabbit blood. After 
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the serum was filtered, the filtrate showed the same solvent power 
for guinea-pig blood, whereas the solvent power for rabbit blood 
had almost entirely disappeared, for 0.8 cc. effected only a trace of 
solution and 0.23 cc. none at all. This loss of solvent power could 
be due only to an absorption, by the filter, of (1) the interbody 
fitting the rabbit blood, or (2) the complement, or (3) both. Since, 
however, the solvent action of the filtrate on rabbit blood was restored 
by the addition of complement-containing horse serum, while the 
addition of interbody had no effect, it follows that the filtration 
had removed only the complement. From this fact, namely that 
a serum may be deprived of its complement for rabbit blood while 
the complement for guinea-pig blood remains, we must conclude 
that there are two different complements corresponding to these two 
interbodies . According to this, then, at least four different substances 
are concerned in the case in question, two different immune bodies 
and two complements fitting thereto. One pair of these acts on 
guinea-pig blood and the other on rabbit blood. According to 
Buchner only one single substance, the alexin of goat serum, would 
be concerned. Further details of these experiments will be published 
later. We should, however, like to observe that in the horse serum 
used for reactivating, it was possible to prove the existence of two 
complements. This proof, moreover, was effected in two ways, 
by means of filtration and by the production of anti complements. 

The following observation will show that a still greater multi¬ 
plicity of normal hsemolysins can exist in the serum. In our second 
communication we have given a detailed description of an experi¬ 
ment in which a normal interbody of dog serum was caused to 
combine with guinea-pig blood and then reactivated by means of 
guinea-pig serum, which served to supply the complement. In this 
experiment the interbody contained in 0.2 cc. dog serum was bouncl 
by a certain quantity of guinea-pig blood-cells. This is the amount 
of dog serum which, when active, just suffices to completely dissolve 
the given quantity of blood. On repeating this experiment, but 
employing horse serum as complement, it was found impossible to 
reactivate the dose of interbody just sufficient for solution (0.2 cc.). 
By systematic trials, in which multiples of the dose of interbody 
previously used were employed, we finally determined that it required 
six times the amount, i.e., 1.2 cc., in order that the interbody would 
be completely reactivated by the horse serum. That is, the first- 
employed dose of the inactive dog serum, which contained just sufficient 
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interbody to be completely activated when the complement of guinea- 
pig serum was used, contained only one-sixth the amount of interbody 
which was completely activated when horse serum was used as 
complement. From this, however, it follows that all the interbody 
present in dog-serum and possessing specific relations to the guinea- 
pig blood-cells is not of the same uniform nature. In our case one- 
sixth of the interbody acting on guinea-pig blood can be reactivated 
by horse serum, while fully five-sixths can be reactivated by the 
complement of guinea-pig serum. Therefore the goat serum con¬ 
tains two different interbodies for the same species of blood-cells , and 
these can be positively separated by means of the difference in activa¬ 
tion. 

In our second communication, by showing the existence of a 
thermostabile and a thermolabile complement in the goat serum, 
we also proved that the complements of a given serum need not 
be of uniform nature. At that time we showed that the sera of 
two bucks treated with sheep. blood-cells, as well as the sera of a 
number of normal goats, contained a complement which, in con¬ 
trast to the other complements of the same sera (for rabbit blood 
and guinea-pig blood), was not destroyed by heating to 56° C. 
Buchner finds it so hard to emancipate himself from his views that he 
seeks to explain our observations by assuming we made a gross error 
in the experiment. He supposes that the sheep serum still present 
in the 5% mixture of sheep blood-cells, and which we disregarded, 
reactivated the inactive serum and led us to mistake it for a resistant 
complement. We were well aware of this source of error and had 
therefore, even in the first communication, stated that the slight 
amounts of sheep serum present in the blood mixture caused no dis¬ 
turbances whatever. How, hy the way, could it be explained that 
these disturbances occurred only in the serum of certain animals 
although the method of procedure was the same? Or, that digestion 
of the serum with HC1, which does not injure the Immune body, pre¬ 
vented all solution whatever? 

After what has been said, we shall have to assume that in gen¬ 
eral every serum which acts hcemolytically on various species of blood 
possesses a corresponding multiplicity of interbodies , to which again 
different complements may fit. Against the Unitarian views of 
Buchner and of Bordet we must uphold the view that the experi¬ 
mental results positively show a multiplicity of complements in 
normal serum. This multiplicity of the haemolytic substances will 
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not be surprising if we remember that normal blood serum con¬ 
tains, besides the hemolysins, a number of other active substances, 
such as hemagglutinins, bacterioagglutinins, antiferments, ferments,, 
cytotoxins, etc.; and further, that from a normal serum which agglu¬ 
tinates several species of bacteria, the corresponding agglutinin 
can be isolated and abstracted by treating the scrum with one of 
these species (Bordet); and that the same holds true for hemagglu¬ 
tinins (Malkoff). We shall quite naturally come to the conclu¬ 
sion that, under normal conditions of the cell's nutrition, a large 
number of simple or complex side-chains are constantly thrust off 
which then, either alone or in conjunction with complements simi¬ 
larly thrust off, exert specific actions. Hence normal serum contains 
an' enormous number of such substances. To these, in general, we 
give the name haptins. 

When therefore Buchner, in opposition to our views, believes 
that the assumption of these different substances seems unreasonable, 
we must emphasize that our conclusions are not the result of specu¬ 
lation, but simply the necessary consequences of observations which 
are not to be harmonized with the assumption of a single simple 
alexin. It will be evident also why we have completely dropped 
the term alexin used by Buchner. In our .investigations, in all the 
cases closely analyzed, we never found a simple substance (Buchner's 
alexin), but always a complex hsemolysin consisting of interbody and 
complement. This hsemolysin, as alreaady emphasized, completely 
corresponds in its properties to the haemolysins developed through 
immunization. We shall therefore have to assume that also in 
their development the normal haemolysins correspond exactly to the 
artificial hemolysins. 

In regard to the latter, von Dungem has already shown, by 
demonstrating a great disproportion between immune body and 
complement, that these two substances are produced quite inde¬ 
pendently of one another, and that they therefore probably originate, 
in different cell domains, von Dungem also showed that in the 
extensive formation of new immune body which occurred when 
rabbits were treated with cattle blood-cells, the corresponding com¬ 
plement was not in the least increased. We ourselves have often 
noted an analogous independence of the two components in a 
number of normal haemolysins. One of us will discuss this at length 
in a subsequent paper. One interesting fact, however, we shall men¬ 
tion here. 
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If rabbits arc poisoned with a dose of plscophorus,of wliieh they 
die* cm the* third day, and if the* serum of the* animal is collected on 
the* second day, it will Im found that flu* «Tum has lost the proper! y, 
previously jK^Kessed, to dissolve guinea-pig blood. This inactive 
H*niin ran \m activated by the* addition of a Mitlieicnf amount of 
guinea-pig serum, It behaves, therefore, likt* a serum which baa 
boon inactivated by boating to .W (’ , i.e, it bus been deprived of 
itn complement. It b pro!iah!e that tin* pho photon has acted 
especially on certain roll domains which furnish the complement# 
in cjunction. 

II. Concerning; Antlrciiiipleiiients* 

In accordance with tin* viio already dbeti «*d in detail, we 
leMinie t hat the haunolytie action b due to fhb t that tin* inf e? hod v 
(immune* Itocly) and complement unite* to form tho complex ha mrdy ■ in, 
We can tttidersfaitd cm h relation*’ onh when we regard them .id* o 
chemically mill mud thciefore ;*> mine that file complement Inn * i 
a haptophore group which find- in tin* interbody 11 receptor no up 
info which if exactly fife. With fhi concept hm, however, the o la 
tioiiH exiting lief ween inferlwdy and complement nf once a mini*' 
a dried ly sjmctfic character, t.e,, the taler! mdv and eomplem* tit hi romc 
strongly specifically related. As a refill of combining: e\pi rmietiN 
we have already 1 at fucked the view of Bordet, that tin* immune i#odv 
merely meufi&es the red blood* eelb and fluif m m result of thin * * u • 
Mtimfion the itle&ttts, which otherwise are unable In attach the blood * 
cells, now have ncrtw to them, Tfuit the 11 eulmfnnce Nrndhifa 
trice M breaks the way for flit 4 nlcxiti# h a coarse itirrliiifiiciiS eon 
ception hardly comprehensible when viewed chemically or Inolopn - 
ally. If one sought to explain ItordetV view chemical!v, one would 
have fu ii^'Uimc that the nature of the mini!Nation h f hi ^ that under 
the influence of the sertdfhor n whole series of groups are develop'd 
in the protoplasm of the red blond crib which are able In bind the 
variolic complements. Such an awtiuuption, however, lack’* hhv 
element of probability, Bordet ?i himself orrivi** nt m coot no bet ion 
when on the one hand lie n direct action of the rumple 

mcnf* on the red blood cell# mid on the other ih forced to nduuf 
that cert am relations cxbf trtmceti istfci twh and eomplemi nl 

1 wir mmm4 

* Ilnnlet, Antmlm 4e f IiPtilttf PatUair, May IftUM. 
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(certains rapports convenables). It would be difficult to express 
these relations in a form chemically comprehensible. 

Based on the conception of strictly specific relations, such as 
follows from our theory, the study of these complements acquires a 
high practical value. Donitz 1 has already called attention to the 
great importance for the therapy of infectious diseases of finding 
sources yielding sufficient complement, von Dungern 2 has further¬ 
more shown that body cells are able to bind certain complements and 
that therefore a completed bacteriolysin derived from a certain 
animal species can, when it is injected into another organism, entirely 
lose its complement and so become inactive. 

In the Croonian lecture (March 22, 1900), Ehrlich pointed out 
that the bacteriolysins and hsemolysins (interbody+complement) 
possess three haptophore groups, of which two are on the interbody 
•and one on the complement. It is conceivable that for each of 
these groups there is a corresponding antigroup which binds the 
haptophore concerned and so inhibits the action of the lysin. For 
•each lysin therefore three antibodies are possible, the action of any 
•one of which is able to put the lysin out of action. At that time 
Ehrlich called particular attention to the important rdle of one of 
these antibodies, namely, the one which fits into the haptophore 
group of the complement and so prevents this from combining with 
the interbody (immune body). He stated further that together 
with Morgenroth he had succeeded in the experimental production 
of such anticomplements by means of immunization. 3 

Our observations in this direction were made on the serum of 
a goat which for a long time had been injected with large amounts 
of horse serum. Horse serum was used because our extended ob¬ 
servations had shown that this constitutes a particularly rich source 
of most varied complements, and because it was therefore to be 
expected that a plentiful amount of anticomplements would be 
obtained. This expectation was fully realized, and we have come 
to know a large number of interbodies of different origin which can 
be reactivated by the complements for different varieties of blood 
contained in horse serum. As an example the following combina¬ 
tions may be mentioned; Rabbit blood—inactive dog serum; guinea- 

1 Donitz, Klinisches Jahrbuch, Vol. 7, 1899. 

2 See page 36. 

8 In the meantime Bordet (loc. cit.) independently has also produced anti¬ 
complements by means of immunization. 
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pig blond—irifictivc* goat serum; sheep blood-* inactive clog ncrum; 
sheep hliKwl and inactive serum of goats treated with sheep blood, 
lit all these eases wo have been able to dot ermine that the* motivat¬ 
ing action of tin* horse serum can he prevented hy the addition of 
small amounts of antirompiement serum (previously inuetivated). 

In one rii.se it very minute analysis of thin action was made. The 
faetors in this ease were rabbit blood and an inter!>ody tiding on 
this, present in normal gout, serum and obtained by heating the 
serum to SfPC’. The rabbit erythrocytes wc m firnt treated with 
considerable amounts of fills interbody and the* memn of inter¬ 
body was then separated by rent rifuging the mi,\f tire and jam ring of? 
{la* clear fluid. The erythrocyt«*s thus loaded with interbody were 
next digested with large amounts of the inactive ant icomplement 
serum and this likewise separated by centrifuging. The Hidimenftd 
blood-cells thus obtained dissolved completely on the liddifion of 
horse sennit. The Mime mult mm attained when the proress just 
descri!w*l wan i#*rfort!ii*d in one net instead of in two; Le* # by mixing 
the gout serf lift containing the interbody with the unticomplcmient 
serum htfan the addition of the blombcells, 

Emm this if follows that the antibody stands in relation neither 
to the }doo»brells themselves nor to the interbody. Even in the pres¬ 
ence of flu* antibody flie inferlmdy is anchored in normal fashion by 
the eryltirocyli^u mid m furthermore not dint orbed in Its receptive 
property fur the complement, lltr antibody therefore has tin 
relation to either of the two hapfophore groups of the interbody, and 
it eitn only net by influencing the complement. 

The complement, however, according to our view, also possmiea 
two groitjp: ii haptophore group, and a second which, in order 

to express the analogy to tin* crtxymcs and toxins, we dt&ll term the 
zynmUmr group, lienee it still remained to determine into which 
of these two grotij« the anficomplement ft to. In either case, though 
of course by m different mechanism, the action of the complement 
would lie inhibitfd; in one case by preventing the combination of 
complement and interbody, in the oilier by preventing the xymo- 
toxic action. 

If wi? assume that the nniimmpbmmt combines with the xymu» 
toxic group, then the Implophore group of the complement will remain 
free and must still lie able to combina with the eormt{»ondmg group 
of I hit interbody. It would lie expected, then, flint the haptophnre 
group would combine with the interbody and ** plug/’ m to sj^nk, 
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the binding group of the latter against any further comt 
complement. If, on the contrary, the anticomplemei 
with the haptophore group of the complement, the 5 
left free and must therefore still he capable of reactiv 
experimental solution of this question was very easy. ' 
cytes, loaded with interbody, were subjected to the 
mixture of complement and anticomplement which hac 
tralized to complete inactivity. After centrifuging it wm 
the blood-cells dissolved readily on the further addition 
ment. Solution also occurs if a small amount of con 
excess is added to the exactly balanced mixture of com] 
anticomplement. These experiments indicate that the 
ment acts by fitting into the haptophore group of the com 
side-tracking this group . 

We have also convinced ourselves that it is possible 
anticomplements not only with horse serum but also 
sera, such as the sera of goats, dogs, cattle, rabbits, and . 
'by injecting the serum into foreign species. In these expe: 
choice of animals employed for purposes of immunizatio] 
an important r61e. For example, a rabbit treated with, 
very readily yields an anti complement, whereas when 
similarly injected no * anticomplement (at least in the 
examined by us) could be demonstrated. So far as we 
to determine, the protection afforded by the anticomplerru 
to all the species of blood-cells on which the serum used f 
zation exerts its action. Since the sera in question, so 1 
action is concerned, contain a plurality of complements 
complementary serum must contain a whole series of 2 
ments which correspond to the different complements 
the immunizing serum. Perhaps this polyvalence of th 
plementary serum accounts for the phenomenon that ce 
sera produced by means of a particular blood serum s 
inhibit the injurious action of many other kinds of bL 
These facts indicate that this interchange of protection 
the presence in the two sera of a certain number of con 
plements, In fact there seem to be cases in which cert 
have the majority of their complements similar. Such 
all probability is that of the goat and the sheep, as is evi 
the fact that in the reactivating action goat serum can be 
replaced by sheep serum and vice versa. This at least 
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all the cases observed by us. Still more convincing, however, is the 
fact that neither the injection of a sheep with goat serum nor of a 
goat with sheep serum results in the production of anticomplements. 
All experiences indicate that the complements normally present in 
the serum of a certain species of animal are not able to excite the 
formation of anticomplements in , such an animal's own body. Per¬ 
haps this may be explained thus, that the relation between com¬ 
plement and complementophile group is extremely slight (as was 
shown by the binding experiments previously described by us) and that 
therefore one of the conditions necessary for the thrusting off—a per¬ 
manent and firm union with the receptor—is not in this case fulfilled. 

We realize that we have been able here merely to point out some 
of the principles applying to this subject. Their closer anatysis 
encounters extraordinary difficulties in consequence of one of the 
facts demonstrated by us, namely, the multiplicity of interbodies, 
complements, and anticomplements. Thus far these difficulties have 
been overcome in only a few favorable instances. 

III. One of Bordet’s Objections Controverted. 

Bordet, in his most recent wort (loc. cit.) has described the follow¬ 
ing interesting experiment, by means of which he believes to prove 
that our views concerning the mechanism of haemolysis are incor¬ 
rect. As haemolysin, Bordet employed the serum of guinea-pigs after 
these had been treated with rabbit blood. This then possessed a 
high degree of solvent power for rabbit blood. If this hsemolysin 
is inactiviated by heating, it is possible to restore the haemolytic 
action, as well by the addition of normal guinea-pig serum as by 
that of nonpLal rabbit serum. These two sera, therefore, contain 
complements (alexins) which make the reactivation possible. Bordet 
now sought to discover whether the “alexin” of rabbits is identical 
with that of guinea-pigs. Tor this purpose he treated rabbits with 
the serum of the immunized guinea-pigs and obtained an antiserum 
which, while it contained a small amount of anti-immune body, 
contained considerable anticomplement. He then determined that 
this “antialexin" acted only against the “alexin” of the guinea- 
pig .and not at all against that of rabbits and some other animals. 
At the same time a certain degree of action against the complement 
of pigeon serum was noted, so that this antiserum was not absolutely 
specific. From this Bordet concludes that his theory of sensitiza¬ 
tion must be correct, namely, that the various alexins derived from 
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different species act directly injuriously on the sensitized blood-co 
Against each of these alexins an antialexin exists which proto 
the sensitized blood-cells against just this particular alexin. 

It cannot be denied that at first sight this experiment appea 
to speak strongly in favor of Bordet’s theory. If one assumes, 
Bordet of course does, that in the immune serum produced by hi: 
one single immune body comes into play, then since this can be rea 
tivated as well by rabbit serum as by guinea-pig serum, the coa 
plement contained in these two species of sera must, according 
our theory, possess the same haptophore group. If this were t. 
case, however, the same t anticomplement should protect against bo 
complements , and this it does not do. 

We have therefore subjected Bordet’s experiment to an exa, 
reexamination and have been able to determine that an exhaust!^ 
quantitative analysis presents the experiment in an entirely differed 
light. A haemolytic serum was produced by treating guinea-pi| 
with rabbit blood. A preliminary trial of this serum showed tlx* 
when inactivated it could be reactivated in large amounts as we 
by guinea-pig serum as by rabbit serum. The anticomplemerxl 
derived from other rabbits by treatment with normal guinea-pi 
serum, 1 was able in the inactive state to completely inhibit the react! 
vation with guinea-pig serum, although the same anticomplemen 
serum in its active state reactivated the inactive immune body. 

We next proceeded to examine these facts quantitatively am 
found that the simple solvent dose of the serum for 0.5 cc. of a 5^ 
rabbit-blood mixture amounted to 0.075 cc. Then we tried vox 
Dungem’s experiment (loc. cit.) to increase this action, by adding 
to the native immune serum normal guinea-pig serum in amounts s< 
small that they did not themselves exert any solvent action. 
found that the full solvent dose had thus been decreased to 0.025 cc. 
This proved, as in von Dungem’s case, that in the immunization a 
large excess of free immune body was present which could not nearly 
be satisfied by the amount of complement normally present. Now 
we could expect that this same increase in power would be effected 
by the addition of rabbit serum, but we found instead that rabbit 
serum even in large amounts did not produce any increase whatever. 

According to Bordet’s view such a deviation is absolutely incom¬ 
prehensible, and this led us to pursue the case further. We first 

1 In contrast to Bordet we chose normal guinea-pig serum for immunization 
in order to avoid the disturbing action of an immune body. 
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inactivated the immune serum and determined the minimal amount 
of the inactive serum which would cause complete solution in the 
presence of (1) normal rabbit serum, or (2) of guinea-pig serum. 
We found that it required 0.25 cc. of the inactive immune serum to 
effect complete solution of the given amount of rabbit blood when 
rabbit complement was employed, whereas only 0.025 cc. of the immune 
serum was required when guinea-pig complement was employed. 

This result, however, cannot be harmonized with Bordet’s theory of 
sensitization. According to his view one would expect that a blood¬ 
cell which is sensitized by the presence of the immune body is subject 
equally to *the action of various alexins.. In both cases the same 
amount of immune body should then suffice to make the blood-cells 
sensitive to the alexins (complements). As a matter of fact, how¬ 
ever, it requires ten times as much in the one case as in the other. 
If one desired to hold to Bordet’s theory one might possibly say that it 
requires ten times as strong a sensitization with the same immune body 
in order to make the cells sensitive to the alexin of rabbit serum. 

If this highly complicated assumption were correct, the relation 
as above determined, 1 :10, should represent a constant ratio. Owing 
to a lack of animal material we were unable to study this question 
of constant ratio on the example selected by Bordet. However, 
in an analogous series of cases for which we had abundant material, 
we were able to pursue this question further. 

We made use of a goat which had been treated with sheep blood 
and whose serum therefore dissolved sheep blood-cells. The inac¬ 
tivated serum of this goat could be reactivated by two complements, 
that of normal goat serum and that of horse serum. The anticom¬ 
plement obtained by treating a goat with horse serum inhibited, 
even in small amounts, the action of the horse complement; whereas 
its action on the goat complement was so slight as to be practically 
negligible. The conditions here, therefore, are exactly the same 
as in the case described by Bordet. 

In the beginning of the observations it was found that 1 cc. of 
a 5% mixture of sheep-blood, mixed with normal horse serum to 
serve as complement, was completely dissolved on the addition of 
0.35 cc. immune body (inactivated immune serum); whereas when 
normal goat serum was used as complement only 0.025 cc. of the 
immune body was required. This corresponds to a ratio of 14; 1. 
On repeating the test a week later with serum freshly drawn from 
the immunized goat we found that the constituents which were 
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reactivated by horse serum were unchanged (0.35), but that it requiroc 
considerably more immune body when goat serum was used <> r 
reactivation than it had before, namely, 0.1 cc. This correspond h 
to a ratio of 3.5 :1 as compared to the former ratio of 14 : 1. I -h™ 
shows that a constant ratio does not as a matter of fact exist, vv e 
must rather assume, as we did for a normal haemolytic serum, that 
two entirely independent immune bodies, A and B, are present in 
the immune serum and that these differ in the ratio of their quan¬ 
tities and in the manner in which they are reactivated. The amount 
of immune body A contained in the immune serum has remained 
■constant, while B after a short time has considerably decreased 
(to one quarter). This divergence would in fact indicate that the 
two immune bodies are formed independently of each other. 

We have thus demonstrated that in the phenomenon observed 
by Bordet not a single immune body, but two different ones, come 
into play, one of which is related to a complement found only in 
guinea-pig serum, while the other is related to a complement found 
in rabbit serum. Through this demonstration Bordet’s objection 
loses all its force and his experiment becomes in fact a new argil** 
ment for our theory . 

The occurrence of different immune bodies in a haemolytic scrum 
obtained by immunizing with red blood-cells is not at all surprising 
in view of our experiments on isolysins described in our third com¬ 
munication. We have obtained a whole series of different isolynins 
by injecting goats with goat blood. At present they number twelve. 
In the red blood-cells not merely a single group but a large number 
of different groups must be considered, which, provided there are 
fitting receptors, can produce a corresponding series of immune 
bodies. All of these immune bodies again will be anchored by the 
blood-cells employed in immunization. We may assume that when 
an animal species A is immunized with blood-cells of species B a 
haemolytic serum will be produced which contains a great host of 
immune bodies. These immune bodies in their entirety are anchored 
by the blood-cells of species A. 

We are convinced that the duality found by us in the two cases 


examined is much below the actuality, and that thorough, though 
to be sure arduous, studies will succeed in discovering a multiplicity 
heretofore unexpected. For the present, however, this duality of 
the immune body should suffice to controvert the objections made 
by Bordet from the Unitarian standpoint. 
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Fifth Communication. 

By Professor Dr. P. Ehrlich and Dr. J. Morgenroth. 

In the few years since its formulation the side-chain theory has 
exercised a marked influence on the direction of the investigations 
in immunity. The subject of toxins and antitoxins has to a certain 
extent been concluded, at least for the present. Several objections 
raised by Roux and Borrel 2 in connection with their splendid 
work on • cerebral tetanus, as well as those made by Metchni- 
koff 2 and Marie, 2 rested on a misconception of the theory, and the 
facts on which these are based serve rather as a complete confirma¬ 
tion of the theory. 3 The attempt of Pohl 4 to place the doctrine 
of antitoxins purely on the basis of inorganic chemistry has been 
completely controverted by Bashford. 5 

• Thus the facts proved themselves thoroughly in harmony with 
the theory, and the latter furthermore proved its inventive value 
in many directions. It was but natural that the side-chain theory 
originally formulated for the antitoxins, if it had any general 
biological significance at all, should also include the complicated 
phenomena of immunity which result from the introduction of 
bacteria or tissue-cells. Hence we began two years ago to investigate 
experimentally the applicability of the doctrines resulting from this 
theory to the specific hemolysins obtained by immunization, which 
had been discovered by Bordet a short time previously. These studies 

1 Reprint from the Berliner klin. Wochenschrift, 1901 , No. 10. 

2 Annales de lTnstitut Pasteur, 1898. 

3 See Weigert, Lubarsch’s Ergebnisse der Pathologie, 1897; also Levaclitf 
Press mddicale, 1900, No. 95. 

4 Arch, intemat. de Pharmacodyn., 1900. 

5 Arch, intemat. de Pharmacodyn. et Therapie, Vol. VIII, fasc. I and II, 
1901. 
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served to demonstrate the complete harmony of the theory with the 
facts on this subject. Furthermore after overcoming considerable 
experimental difficulties we succeeded in demonstrating the same 
behavior for the haemolysins of normal serum and thus brought these 
also under the laws of the side-chain theory. Reexaminations from 
various directions confirmed the correctness of our fundamental 
experiments and we may say that at present the majority of workers 
in this field, partly as a result of their own experiments, have accepted 
our views and regard the side-chain theory as a justified hypothesis 
which best explains most of the phenomena thus far observed in the 
subject of immunity. Since this in part concerns processes in 
which the animal organism acts with all its highly complicated con¬ 
ditions, it is no wonder that now and then a fact has appeared in 
the course of the investigations which at first seemed to be irrecon¬ 
cilable with the theory. The latter, however, is in no way injured 
thereby, for the solution of such apparent contradictions results 
in a deeper understanding of the subject and makes for progress. 
An instructive example of this was recently afforded in physical 
chemistry. As is well known, several at first inexplicable contra¬ 
dictions to van’t Hoffs theory of solutions, resulting from certain 
deviations in osmotic tension, found their explanation in the theory 
of electrolytic dissociation of Arrhenius, and this theory served to 
again obtain general acceptance for the theory of solutions itself. 
We have therefore endeavored to analyze carefully the objections 
urged against our views by high authorities. 

The objection raised by Metehnikoff 1 against the specific formation 
of the toxins was based on the fact that even castrated rabbits yield 
an antispermotoxin. In a recent study 2 from the laboratory of 
Metehnikoff, this objection is withdrawn. It was found that in this 
antispermotoxin an anticomplement is principally concerned and 
not an anti-immune body, for it was produced even by treatment 
with normal serum. 3 It is therefore especially gratifying that Metch- 
nikoff also has recently accepted our view that the complement 
is anchored to the immune body by means of the latter’s complement- 
ophile group. 

An important objection made by Bordet 4 based on some extremely 

1 Annales de Tlnstitut Pasteur, 1900, No. 1. 

2 Ibid., No. 9. 

3 See von Dungern, page 47. 

4 Annales de Tlnstitut Pasteur, 1900, No. 5. 
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Tig experiments, by which he believed to refute our theory 
,ie ^^echanism of haemolysis, has been discussed by us in our 
Ji Communication 1 and controverted by means of extended quan- 
ivo Experiments. 

t is necessary, however, once more to thoroughly discuss the 
m l£ of immune body to the erythrocyte, for on this point the 
h Beem not at all clear, because the purely chemical conception is 
^ some authors or is regarded as unimportant. 

Ttxo Manner in which the Immune Body Combines with the 

Erythrocytes. 

si oxxr* first communication we had already shown that the ery- 
Tt as such behave quite differently toward the two components 
h effect haemolysis. The blood-cells abstract the immune body 
if h medium with great avidity, whereas they do not take up the 
trace of complement. When loaded with immune body, 
v**r, they are able to anchor the complement also. From this 
ftve concluded primarily that the immune body possesses two 
groups of different affinity, of which the one combines with 
responding group, the receptor of the blood-cell; the other com- 
w^itdh. the complement . But according to our view these eombi- 
f« aare pure chemical phenomena proceeding between immune 
and blood-cells and between immune body and complement, 
it* f unction of the immune body can be elucidated by means of 
tnien.1 example, that for instance afforded by the behavior of 
bfti^aldehyd. Through its diazo group this substance can 
wifcli a series of bodies, especially with amines, phenols, keto- 
f ien groups, whilst the aldehyd group on its part can effect a 
of syntheses—e.g. with hydrazins, hydrocyanic acid, etc. It 
iiceomes easy by means of diazobenzaldehyd to effect a com- 
ciri between substances which by themselves do not combine, 
tmol and hydrocyanic acid. Such a combination includes both 
i ttcros. In order to make the comparison still closer let us imagine 
trlain constituents of the living cell, say by means of an aro- 
group, are able to unite with the diazo combination. In 
yio it> follows that by means of the aldehyd group of the diazo- 
flehyd a second highly toxic nucleus—e.g. that of hydrocyanic 
earn fc>e joined to the combination in such fashion that the prote¬ 
in f molecule is now subjected to the action of the strongly 


1 See page 56. 
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‘acting nitril group. In this schematic example the diazo group 'which 
fits directly into the protoplasm would correspond to the haptophore 
group of the immune body which fits into the receptor of the blood- 
cells; the aldehyd remnant would correspond to the complernento- 
phile group of the immune body. The complement, which as we 
know possesses toxic properties, would then be compared to the hydro¬ 
cyanic acid. 1 

The facts described by us have been confirmed from various sides 
(v. Dungern, Buchner, Bordet) by experiments on blood-cells. Bor¬ 
det 2 and also Nolf 3 showed that the stromata of the blood-cells, which 
represent the protoplasma, effect the anchoring of the immune body, 
while the haemoglobin, which is to be regarded as paraplasma, takes 
no part whatever in this binding. This fact corresponds entirely 
to the views expressed by Ehrlich in an earlier study on blood-cell 
poisons. 4 * Furthermore, it has been shown by von Dungem 6 that the 
power of the blood-cells to excite a specific haemolysin by immuniza¬ 
tion can be entirely inhibited by completely loading the receptors 
-of the blood-cells with the immune body in question. These addi¬ 
tional facts were well fitted to still further support the chemical con¬ 
ception of these processes. 

Now, however, Bordet has described an experiment which he 
believes shows that the fixation of the immune body is not a chemical 
process in the strict sense, but that this phenomenon is to be 
classed rather with surface attraction and similar actions, and that 
it is completely analogous to staining processes. These views a,re also 
shared by Nolf 6 and Nicolle. 7 

Bordet's experiment in the main is as follows: By treating a 
guinea-pig with rabbit blood a haemolytic serum is obtained specific 
for rabbit blood-cells. A certain amount of the serum dissolves an 
absolutely definite amount of rabbit blood-cells if all the cells are 
added to the serum at once. If, however, to the same amount of serum 

1 One could designate substances which, like the immune bodies, are supplied 
with two different combining groups as amboceptors. This name would indicate 
the double binding function as well as the fact that they correspond to thrust- 
off receptors. 

2 Loc. cit. 

8 Annal. de lTnstitut Pasteur, 1900. 

4 Charity Annalen, Vol. X. 

6 See page 36. 

6 Loc. cit. 

7 Ilevue g6n<§rale des Materies Colorantes, 1900, Nos. 43 and 44. 
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only one-half the amount of blood-eells is first added, sufficient time 
allowed for these to completely dissolve and the second half of the 
blood-cells added, it will be found that these are no longer dissolved. 
It appears, therefore, as though the blood-cells were capable of com¬ 
bining with double the amount of immune body necessary for their 
. solution. In order to explain this result Bordet describes the follow¬ 
ing staining experiment: If one dissolves methyl violet in water, it 
is possible, by means of a strip of filter-paper dipped into the solution, 
to abstract all the coloring-matter from the solution. The strip will 
assume a color of very definite intensity. If, however, the strip is 
divided into several smaller strips and these are dipped into the 
fluid one after the other , the first strip will assume a considerably deeper 
color, whereas the strips last introduced will be unable to abstract 
any color from the now colorless fluid. From this Bordet draws 
the following conclusion: 

“On peut admettre, par comparaison, que les premiers globules 
introduits dans rh&notoxine sont d<y& susceptibles de perdre leur 
h&moglobine lorsqu’ils ne sont encore que “ faiblements teints ” par 
les principes actifs, mais qu’ult&rieurement ils peuvent absorber une 
dose beaucoup plus grande de ces substances, 6puiser ainsi le s6rum 
et emp^cher la destruction de nouveaux globules introduits dans la 
suite.” 

Phenomena such as those here described have long manifested 
themselves in our experiments on the binding of the immune body 
by the erythrocytes although these experiments were of somewhat 
different form. But before we proceed to discuss these results and 
our conclusions, we should like to describe the facts observed by us. 

In order to determine the combining ability of the erythrocytes 
for an immune body, especially when quantitatively accurate results 
are desired, it is best to proceed as follows: The immune body 
(hscmolysin heated to56° C.) is added to the red blood-cells and, after 
a certain time, the mixture is centrifuged. The clear fluid so obtained 
is tested for free immune body by adding an excess of complement 
and allowing this mixture to act on the same quantity of fresh blood- 
cells. If one proceeds in this manner in a large series of cases, employ¬ 
ing varying multiples of the solvent dose of immune body, it is possible 
to determine accurately the combining power of the cells. The 
following experiment will very readily make this clear. 

The immune body was present in the serum of a sheep which 
had been treated with dog blood. When this serum was inactivated 
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by heating to 56° C., it could be reactivated either with the com¬ 
plement of sheep serum or of goat serum. To begin, the exact 
quantity of immune body was determined which would just com¬ 
pletely dissolve 2 cc. of a 5% mixture of dog blood-cells when suf¬ 
ficient complement was present. This dose was found to be 0.15 cc. 
To a number of separate portions of blood mixture (each of 2 cc.) mul¬ 
tiples of this dose were then added, thus, 1, 1£, 1£, If, 2, 2£, 3 times 
the solvent dose, and the mixtures kept at room temperature for an 
hour and frequently shaken. Since the complement was absent, 
haemolysis could not occur. After centrifuging, the clear fluid, 
which had the appearance of water, was again mixed with the corre¬ 
sponding amount of blood (0.1 cc. of undiluted blood) and with 
complement. 1 It was found that even the last trace of the single 
solvent dose had disappeared from the fluid; whereas in the case 
where double the dose had been added, the fluid still contained just 
a solvent dose, i.e., it completely dissolved the freshly added blood- 
cells. In this case, therefore, the blood-cells were able to combine 
with only a single dose of the immune body . 

This, however, is not at all the general rule, for by extendiny 
our experiments to other cases we found that there is a very large 
variability in this binding of the immune body, and that frequently 
a larger or smaller multiple of the solvent dose is bound. The follow¬ 
ing case will illustrate the extreme in the other direction, in which 
almost a hundred times the solvent dose of immune body was taken up 
by the blood-cells . A rabbit had been treated with goat blood, and its 
serum therefore contained an immune body fitting to goat blood. Nor¬ 
mal guinea-pig serum served as complement and 0.2 cc. represented 
considerably more than sufficient for 2 cc. of the goat blood mixture. 
When this amount of complement was employed, the solvent dose 
of the immune body for 2 cc. of the blood mixture amounted to 
0.008 cc. On allowing 0.48 cc. (sixty times the solvent dose) to 
act on the blood-cells in the manner previously described, and then 
centrifuging, it was found that the clear fluid did not contain even 
a trace of immune body. When eighty times the dose was employed 
the clear fluid showed a very faint solvent action, corresponding to 
about | to i of a solvent dose. Not until one hundred times the dose 

1 As a counter test the blood-cells separated by centrifuge were mixed with 
salt solution and with the complement. Those specimens in which just the 
solvent dose (0.15 cc.) of the immune body or more was present, dissolved 
completely. 
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wbs employed did the centrifuged fluid contain a full nolvent do.se 
and effect complete ndution. lienee out of outs hundred .solvent 
doses iilwuit ninety-nine had Been Bound by the Blood-cel Is, for 
only al«Hit one *ol vent dose of immune body remained in the fluid. 

By mmm of parallel experiments \u* have found that out* hourVi 
rnnfurl nf immune Unly with BIckhI-ccIU results in tin* maximum 
amount of binding, for tint experiments nt \Ty* (\ and room tem¬ 
perature yields! results exactly alike. Between tint extremes repre¬ 
sented by t litjsHt two exjMTiiiiriibH a great variety of figure# wn« 
obtained. 

Ttti* fdguifiriififo nf tbi^i? experiments otters no didlnilfioH from 
the point of view of I tin sidc-ehum theory, The fitebi are readily 
iiiidorHlood wJiiii \vi* stop to consider fit* 4 peculiarities of tin* receptor 
apparat u* of the blooi Ah a result of our previous experiments 
oil flu* imiydm of gout-, we Unit a given Blood-coll rontuifia a 

law fitiuilw*r of different lypo-H of receptors which in general fit to 
different immune Ut«ltes and tuemotoxirM. Referring the reader to 
tin exhaustive •dudy By KBrhele 1 mr rind! roiitnif our,elve i burn 
By remarking that certain U?i«B of receptor# may Be (mount in the 
BIood-cHii in groat ««**■ v ThU uMts cannot only bn demondrated. 

But, By means of tIn* ninthud jti-f described, ran Bn exactly men umL 
Entirely ana logout* condition *. sirbe under other eireutmtunmu 
Tin* mfereding fart dbeovered By that tint mitral 

nervon# e jMem of various mtiiuxtlt Bands much morn tetanus poison 
tVi film tlmti m litter*uiry to fatally j#>imn tin* mtimal, in proBnbly 
dun to xttrlt an eir«%#§ nf receptor* for tofiiinii poison. 

From tUi.fi of view tin? exjrriments afmm mentioned urn 

easily explained without departing front f tin side-chain theory, Tims, 
lot ti'» a^imie flint, with m certain \rn\mn a it m tm'mmty flint / o rr, 
crptor* up* kitifid in order that ii Blood-rrl! Bo completely dbeolviHj, 
and 1H ik* further a* mm* flint flm Blood*rt*H j a niiirb gruatof 
numlH*r, pny 2,r a rumputr , Wlim ifordot’^ rx(n*riiiiufit u mm 
fiurriwi out, t}«* mmlilmm mi mg will fn» nxinglr tho n tlmmUnd 
By BorrlH. ft b nt film apfmr**nf fiiat fir ml bh««i»i? 4 *ll in thk 
m *f* will roniBinr with ju~f t»1 m th#* a mount of potman mwm&ry 
fur Mdnfion. If tJn^ndoro donBli* flu* odvimf do>a* of immmm 
Uk!>* i' mhhd to a givtm amount of ond* Blorirf rolB, fhnouftrn 

1 find Tlirnifiiiu nlilirf by Xotlinms^b Vt»I VIII* mw* 

lion .*1, f«gt« MW IH| 
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system of these cells will be occupied. On adding now.an equal 
portion of fresh blood, the latter will fail to find any free immune 
body and cannot therefore be attacked. 

Such phenomena are exceedingly plentiful in chemistry, and it 
may pay us to glance at some of them. Napthalin, as is well known, 
consists of two benzole nuclei joined together. When, now, a salt¬ 
forming group, hydroxyl or amido group, is introduced into each of 
the two benzole nuclei, the heteronuclear substitution products, e.g., 
dioxynaphthalin, amidonaphthol, and naphthylenediamine, or their 
sulfo acids, will be able to combine with either one or with two mole¬ 
cules of a diazo combination- When two molecules of dioxynaph¬ 
thalin are mixed with two molecules of diazobenzol , the result is ex¬ 
clusively the mono-azo combination; when however two molecules 
of diazobenzol are added to one molecule of dioxynaphthalin, the result 
is the diazo combination. If an additional molecule of dioxynaph¬ 
thalin is added to the finished diazo combination, this molecule will 
be unable to dissociate the latter, and the two substances, the diazo 
combination and the unchanged dioxynaphthalin , will exist side by 
side. This example, to which others, such as the esterification of 
dibasic acids, the methylation of anilin with iodomethyl, could 
easily be added, corresponds entirely to the relations between im¬ 
mune body and erythrocytes as described by Bordet. 

It may at once be admitted that where the binding of small 
multiples of the immune body is concerned, it is very natural to* 
think of a mechanical absorption due to the degree of concentration ; 
and that therefore the circumstances in Bordet's case, in which the 
binding was merely doubled, justified the comparison with staining 
processes. The cases examined by us, however, in which at one time 
just the solvent dose of immune body, at another an extraordinarily 
large multiple of the dose was bound, weigh heayily against this 
assumption. 

Our decision, however, is especially determined by certain general 
considerations. Thus, charcoal, the type of surface-attractive agents 
attracts thousands of substances of the most varied kind. A dye can 
stain a large number of different substances, as is shown in every 
stained microscopic preparation. In marked contrast to this is 
the specificity of the numerous antibodies, which primarily are 
always directed against the exciting bacterial or other cell 
species. 

In the cases in which apparent deviations from this rule were 
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noted, exact investigation lifts shown 1 that these are clue to the pres¬ 
ence of one and the same receptor group in various elements. Thus 
we have shown that the isolysins produced by injecting goats with 
goat blood-cells net also on sheep blood-cells. We have further 
shown that these sheep blood-celLs possess certain kinds of receptors 
which bind tin* gout lysin just as the receptors which are present in 
the goat blood-cells do. We produced the strongest proof for this 
community of receptors by means of crossed immunization, for we 
succeeded iti producing a typical Ladynin by injecting goats with 
sheep blood. 

Since all experience*, therefore, lead us to assume that each par¬ 
ticular complex produces just the, specific antibody, and since thin 
agrees exceedingly well with the assumption of a chemical union, 
it would In* 14 distinct backward step to adopt so vague a conception 
sm that of mechanical surface attraction. 

Were we to assume that the immune laidy enters tint cell merely 
mechanically, it would !«* necessary to drop the entire unity of the 
iiiiiniiiiiiiiticiii phenomena which follows from the side-chain theory. 
It is probably ijiiiti* genemlly conceded that the antitoxin acts on 
the toxin in n purely rltettiirtt! manner. lienee so far as dhtml ml 
dcvolo |ml by the immunity reaction are concerned, the 
efmnmd conception applies Why then should this chemical action 
suddenly reuse when the »uh*htnrr* defend of being in solution are 
present within I hi* cell, and a new principle he assumed for this 
ease? This leads to the contradiction that in one ease (when com¬ 
bining with the erythrocytes) the immune body in bound, specifically 
to lin sure, but tmthanmtthj^ while in the other ease (when anchored 
to an artificially produced niitbimiiitiiie body in isolation) it is bmmd 
sjieeifirally bn! clrnmnilhj . 

These rousklerntions, and they could readily he greatly extended, 
will Miffire to show that the atm ve-mentioned experiments are not 
at all capable of * linking the nde-chain theory, for by it alone is 
a single uniform conception of the phenomena of immunity rendered 
possible. 

11, tkmmmim €iwnpltineiit#li*. 

The complement*, which #‘fleet the activation of the normal 
immune italics and of thoM* produced by immunbufion (iimlKiceptorH) 
dc# not great theoretical or practical importance in the study 

1 $m Third Vmmmmlmtkm , pigis *23. 
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of immunity. They seem to play an important role in. the normal 
processes of cell nutrition. As a result of experiments already 
described we must assume that in the blood serum of a particular 
animal species not merely a single complement exists but a large 
number of different complements. It is understood, of course, that 
not all the complements occurring in a large number of species differ 
from one another. On the contrary it is to be regarded as certain 
that particular types find a wide distribution extending over several 
animal species. This explains why, for example, a haemolytic or 
bacteriolytic immune body can be reactivated by the sera of 
different animal species. 

We have previously explained that a complement is to be con¬ 
ceived as possessing two characteristic groups, a haptophore group 
which fits into the complementophile group of the immune body, 
and a zymotoxic group which is the actual carrier of the specific 
action. A complement therefore, to a certain extent, corresponds to 
a toxin, which possesses a haptophore and a toxophore group. Hence 
by the immunization of suitable animals it is easy to obtain anti¬ 
complements whose behavior corresponds exactly to that of anti¬ 
toxins. For example, if a goat or rabbit is injected with horse 
serum, an anticomplement will be formed which is able to specifically 
inhibit the action of the complement contained in horse serum. We 
have already shown 1 that this is due to a deflection of the comple¬ 
ment. 

We have now tried to follow this analogy (between complements 
and toxins) further. We take it for granted that it is generally 
known that toxins, either through spontaneous changes or through 
the action of chemical agents, become modified into toxoids, whose 
distinguishing character is that they no longer possess a toxophore 
group although the haptophore group remains. These toxoids, then, 
are relatively non-toxic substances which are nevertheless able to 
cause the formation of antitoxins in the animal body. Now we 
know that the zymotoxic group is extremely sensitive to the most 
varied influences; hence the attempt to study modifications of the 
complements analogous to the toxoids seemed to promise favorable 
results. Such modified complements would then be designated 
compUmentoids. The first step was to see whether the well-known 
inactivation of a serum by heating to 56° C. completely destroyed 


1 See Fourth Communication, page 56. 
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the complement* or merely changed them into inactive derivatives, 
complement cids. 1 

In order to he certain of the destruction of the zymotoxic group, 
we heated the sera for fifty minutes to 60° C., a procedure, as shown 
by numerous subsequent examinations, which absolutely destroys 
every trace of complement action in the sera so treated. 

By treating animals with the sera thus prepared, it is actually 
very easy to obtain anticomplements. We injected rabbits, guinea- 
pigs, and clogs with inactive goat serum, and goats and numerous 
rabbits with inactive; horse serum. A parallel series of animals 
wan treated with active serum. The anticomplcment action of 
the serum from the; animals treated with complementoids proved 
fully us strong and often stronger than that of the control animals 
treated with active serum. By means of the procedure described 
in detail in our Fourth Communication it was readily shown that 
theme were; really anlicomplemcntx. 

The injection of the; heated serum, therefore, possesses the same 
value m that of the unchanged serum. 2 Since, however, accord¬ 
ing to our view it is the haptophore group which causes the immu¬ 
nity reaction, it follows that inactivation of the complement has de¬ 
stroyed only the zymotoxic group , leaving the haptophore group intact . 

The important question now arises as to how the presence of 
complementoids influences the activation of the immune body; 
for whenever a serum is Inactivated by heating a formation of com- 
plementoid ensues, and it is well known that such a mixture of immune 
body and complement is reactivated without any trouble by the 
addition of complement It seems therefore as though the presence 
of the complementoid does not hinder the union of immune body 
and complement. 

On this i>oint we have made special experiments by alternately 


1 At ftlxmt th© mine time, exactly similar considerations led Paul Muller 
(CmtmBtatt /. Bat'U'rivloyv' t Vol. 29, No. 5) to attempt the production of 
antieompbinent by the injection of serum which had been heated. In his 
cum, however (immunization with chicken blood), anli-intcrbody was prin- 
cifmlly developed, while anticomplcment could not positively be demon¬ 
strated. It in feasible that thin negative result indicates that not all th© com¬ 
plements of the different animal species arc able to undergo this metamorphosis 
Into complementoid. 

s We should like to mention that in addition to this, in the case of th© goat 
treated with inactive horse serum, we observed the development of a powerful 
eoaguUnu 
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inactivating and adding complement without finding that the con¬ 
stantly increasing amount of complementoid hindered the notion 
of the complement. This phenomenon can be explainer! only l»y 
assuming that in the change to complementoid, the haptophore grouj> 
of the complement suffers a diminution of its affinity for the comply— 
mentophile group of the immune body. 

In the toxoids of diphtheria poisons the circumstances are somo- 
what different, for Ehrlich found that in the hemitoxin zone of tl*o 
poison spectrum the affinity suffers no change through the fornica¬ 
tion of toxoid. On the other hand, M. Neisser and Wechsbcrg In 
another case, namely that of staphylotoxin, have been able to demon¬ 
strate a decrease in affinity occurring with the change into toxoid* 
This behavior is analogous to that of the complcmcntoids o\mervvxl 
by us. Hence no general rulers governing the affinities in toxoid 
and complementoid formation can be laid down; the dr<uimstam*r*» 
must be investigated separately in each case. From what slight# 
differences in the constitution of the molecule enormous difference *« 
in affinity may arise is seen by studying certain organic acids. Timing 
for example, a and /? rcsorcylie acids differ from each other merely i in 
the position of the two hydroxyl groups; the constants of thoir* 
affinities, however, differ from each other by over a hundred timi-M. 
We may therefore perhaps assume that in our special case it dfq^mcJb§ 
on the relative positions of the haptophore and hoxophore group* 
and the corresponding relations thereby determined whether arty 
change in me group can retroactively affect the other. 

III. Concerning Autoantieoraplements. 

In the third communication, on isolysins, we pointed out thfltfc 
the organism possesses certain contrivances by means of wfilc*it 

the immunity reaction, so easily produced by all kinds of cc»lk, I,it 
prevented from acting against the organism % own elements unci 
so give rise to autotoxins. Further investigations made by %m Imv <t 

confirmed this view, so that one might be justified in speaking of 
a u horror mitotoxicm ” of the organism. These contrivances ire 
naturally of the highest importance for the existence of the indi¬ 
vidual. During the individual’s life, even under physiological though 

especially under pathological conditions, the absorption of all materml 
of its own body can and must occur very frequently. The formation 
+; 88ue autotoxins would therefore constitute a danger threaten if t ^5 

™ ore frequently and much more severely than all 
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exogenous injuries. We believe that the study of these regulating- 
contrivances is of the greatest importance and according to our 
present investigations either the disappearance of receptors or the 
presence of autoantitoxins is foremost among these contrivances. 
It will therefore be necessary to subject all the factors which are of 
importance in this respect to a thorough analysis. 1 2 

We shall now mention a few observations relating to the com¬ 
plements which seem to point to a regulatory contrivance as yet 
undescribed. 

Normal rabbit serum possesses a number of properties which 
are to be ascribed to the presence of complements. First to- 
be mentioned is the property by means of which freshly derived 
rabbit serum is able to dissolve guinea-pig blood-cells. This is due 
to the combined action of a complement and an immune body which 
is present in the serum in comparatively small amounts. Further¬ 
more, rabbit serum is regularly able to activate an immune body 
derived by treating rabbits with ox blood. 

Now we noticed that rabbits which a week previously had been 
treated with goat serum (whether active or inactive is immaterial) 
had completely or almost completely lost these properties, and that 
these changes persisted for weeks after the injection. Hence it fol¬ 
lows that owing to the injection of goat serum, complement nor¬ 
mally present had been made to disappear. It was therefore essen¬ 
tial that the cause of this remarkable phenomenon be determined. 
We could next show that frequently the serum of these rabbits in 
its native state, though more surely after heating to 56° C., is able 
to prevent the above-described complementary action of normal 
rabbit serum. Hence in the above case normal complement has 
evidently disappeared from the rabbit treated as described, and 
has been replaced by an anticomplement which we shall have to 
term an autoanticomplement? 

1 MetalnikofPs interesting observation is only apparently a contradiction 
of these regulating phenomena. He found that a typical autospermotoxin is 
developed in the blood of guinea-pigs which have been treated with guinea-pig 
spermatozoa, and that this is able in vitro to kill the spermatozoa of the animal 
itself. But such an injurious action on the spermatozoa does not take place, 
even in the slightest degree, in the living animal, because, as Metalnikoff’s 
researches show, only the immune body combines with the spermatozoa, not 
the complement. In this case, therefore, an autotoxin within our meaning, 
one that destroys the cells of its own body,- does not exist. 

2 According to the investigations of Dr. M. Neisser and Dr. Wechsberg still 
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It has previously been shown that such a rabbit serum is rich in 
antigoat complement. We observed an analogous phenomenon, 
whose nature may perhaps be identical with the above, in a rabbit 
which had been treated with ox blood (blood-cells and serum) in. 
order to produce a specific haemolysin. Ten days after the injection 
of ox blood, the serum failed to show any solvent action whatever 
on ox blood, in direct contrast to numerous previous cases. At 
first we thought it possible that no immune body had been formed 
in this case, for even the addition of an excess of complement 
in the form of rabbit serum produced no solution. However, on 
•centrifuging the ox blood-cells after treatment with this abnormal 
serum, and mixing them with salt solution and complement, we 
found that even slight doses of immune serum caused marked so¬ 
lution. The serum therefore contained plenty of immune body, 
and this had been anchored by the blood-cells. The presence of 
this immune body was obscured not only because the complement 
was absent, but because this had been replaced by an anticom¬ 
plement which neutralized the complement subsequently added. 
Because of the anticomplement which it contained, this rabbit 
serum manifested a marked inhibitory action on the strongly haem¬ 
olytic serum of another rabbit (one which had been treated with 
ox blood). 

But what happened in this case after injection of ox blood rarely 
occurs in such a conspicuous manner. More frequently it is found 
that the serum in its active state possesses an exceedingly slight 
solvent action, corresponding to a very small content of complement, 
and that after heating it manifests a distinct anticomplementary 
action. This evidently leads to the extreme case above described, as 
is readily seen when the relations are expressed by means of a diagram. 
(See figure.) 

In studying the question as to how these autoanticomplements 
are formed, we must constantly bear in mind that normal serum 
always contains complements in excess. Now it is difficult to see 
what purpose would be served if at any time the normal comple¬ 
ments, so important in cell economy, were paralyzed by autoanticom¬ 
plements. We shall therefore have to assume that the normal 

in progress, this serum also lacks the power to activate certain bactericidal 
immune bodies. The animals at the same time seem to suffer a decrease in 
their resisting power against certain infections, a fact which may perhaps serve 
to exhibit in the purest form the function of certain complements. 
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complements circulating in the serum do not cause the formation of 
autoanticomplements. Confirmation of this view is furnished by 
the fact that even in animal species possessing identical complements 
it is impossible to produce anticomplements by means of serum 
injections. Thus, neither sheep when injected with goat serum, nor, 
conversely, goats when injected with sheep serum produce any anti¬ 
complement, for these two species manifest an extensive similarity 
in their complements as well as in other serum constituents. 

When, then, in spite of this rule, we find that in our case auto¬ 
anticomplements have developed, only one explanation remains: 
that one or the other complement present in the goat serum, although 
related, is not identical with the complement of the rabbit. If we assume 
that a certain goat complement possesses the same haptophore group 
as does a certain rabbit complement, but that it differs in the rest of 
its constitution, then the assumption that identical complements do not 
form anticomplements will not apply. In this case, by means 
of the haptophore group of the particular receptor of the rabbit cell, 
a foreign complex would be anchored which exerts a sufficient stimulus 
on the cell to cause an increased production and thrusting off of the 
corresponding side-chains which can functionate as anticomplements. 

We shall have to assume that the particular goat complement, 
because of its identical haptophore group, can be anchored at the 
same places as the idiocomplements with the same haptophore group. 
Foremost among these places we may consider the complex receptors 
which possess two haptophore groups (amboceptors). In this case, 
contrary to what we usually observe, the thrusting-off of an amboceptor 
would be effected through the anchoring of its complementophile group, 
and we should then have additional proof for our view that the com¬ 
plex receptors possess two binding groups. 

In any case it would seem to be of the greatest importance to gain 
an insight into the conditions governing the disappearance of the 
idiocomplements. That they can be caused to disappear through 
injection of anticomplements produced by immunization follows as 
a matter of course from our definition of anticomplements. This, 
however, occurs only under artificial experimental conditions and 
so possesses but little significance pathologically. Of considerable 
importance for these occurrences under natural circumstances are 
the vital conditions governing the disappearance of complement 
through internal metabolic processes. The origin of the autoanti¬ 
complements as it has just been presented by us surely belongs here, 



























STIDIKH UN ILKMOLYHINS. 


87 


and It has perhaps some practical significance, viz., that in the fre¬ 
quent injection of various curative sera into man and animals, the 
possibilif y of autoantiemnplcmcut formation should bo borne in 
mind. Another case belonging here has previously been described 
by us—the disappearance of purl of the complements in a rabbit 
|MUsonod with phosphorus, in connection with this the fallowing 
observation of MefalnikofT (1. c.) is of interest. Ho was immunizing 
a rabbit with spermatozoa and notieod that In consequences of a 
purulent process which developed during Hit* course of the immuni¬ 
zation, tIn* complement which activated the spermotoxin disappeared 
from the serum and did not- reappear for a considerable time. 

These isolated observations seem to indicate that the com¬ 
plements can disappear during pathological conditions in conse¬ 
quence, perhaps, of a more rapid destruction or of a slower formation* 
The same holds true for the immune Indies (nmlioceptors) which 
in bacteriolysis m well m in lueitmiysis have at least m great a sig¬ 
nificance as the complements. Which of these two factors prevails 
in any single case cuvmot lie decided by any genera! rule, but each case 
must lie exntntnwl separately. Only through such investigation will 
we gain an insight into the nature of “natural predi*|Kwitioit M utid 
its change**, “increased resistance,” “loss of tminlmmu 19 etc. 
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formed through immunization, corresponding to the multiplicity of 
the complements present in the serum, are exceedingly manifold. 

Especially significant, however, is the fact that the cells possess 
a great number of different hinds of groups, which groups can lead 
to the production of numerous different amboceptors (immune 
bodies). 1 

Hence in immunzing an animal with cell material, the organism 
is injected, not with a single uniform substance, but with a multitude 
of the most varied receptors, each of which is more or less able to 
produce an antibody. In our fourth communication we defined our 
point of view on this basis as follows: 

“In view of our experiments on isolysins described in our third 
communication the occurrence of different immune bodies in a 
haemolytic serum obtained by immunizing with red blood-cells is 
not at all surprising. We have obtained a whole series of different 
isolysins by injecting goats with goat-blood. At present they number 
twelve. In the red blood-cells not merely a single group, but a large 
number of different groups, must be considered, which, provided 
there are fitting receptors, can produce a corresponding series of 
immune bodies. All of these immune bodies, again, will be anchored 
by the blood-cells employed in immunization. We may assume 
that when an animal, species A, is immunized with blood-cells of 
species B, a haemolytic serum will be produced which contains a great 
host of immune bodies. The immune bodies in their entirety are 
anchored by the blood-cells of species A.” 

Durham 2 has adopted the same view for the bacterioagglutinins. 
He assumes a number of “components ” (corresponding to our recep¬ 
tors) in the body substance of the bacteria, which can cause the- 
production of a corresponding number of agglutinins. In this way 
each agglutinin which acts on a certain species of bacteria represents 
the sum of different kinds of single agglutinins, a view entirely 
analogous to our assumption of a plurality of immune bodies. This 
view permits Durham to offer a sufficient and natural explanation 
of the varying degree of action of typhoid agglutinins on typhiod 
bacilli of different origin, and of the extension of the agglutinating 
action of specific sera to related species of bacteria. It would be 


1 Compare the thorough exposition by Ehrlich in Vol. VIII of Nothnagel’s: 
Specielle Pathologie und Therapie, Haider, Vienna, 1901. 

1 Durham, Journ. of Experimental Medicine, New York, Vol. V, No. 4, 1901. 
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very interesting to see these as yet purely theoretical sugg< 
of Durham proved by means of experiments. 

The pluralistic standpoint adopted by us creates nur 
difficulties for thorough analytical work in this field, but it leac 
deeper insight into the complicated problems and may p< 
also prove of value in the practical applications in immunit; 

I. Observations on the Pluralistic Conception of the Cellul 
Immunity Reaction, 

To begin, we shall briefly sketch one of the points of viewy 
by the plurimistic conception, which seems to be of some pr; 
value. Let us assume that a cell, e.g., a bacterial cell, po* 
twenty different groups; then twenty different antibodies corres 
ing to these will be possible. Each haptophore group of the ba 
cell will then represent an isolated point of attack for one par: 
immune body. It is certainly most logical to conclude thi 
possibility of successfully combating a certain bacterial inf 
increases directly with the number of kinds of immune bodies 
act on the bacterial cell . 1 The ideal effect would obviously be at 
if it were possible to produce a serum so constituted as to e< 
immune bodies for all the groups present in the bacterial ce 

The phenomenon of antibody formation as it proceeds accc 
to the side-chain theory is a very complex one, and is com 
of a number of phases (binding, super-regeneration, thrustir 
which are partly independent of each other. Hence a varie 
circumstances may arise which exert an inhibitory action at c 
points. 

To begin, the cell may be so severely damaged by the and 
of certain poisonous substances that the formation of ant 
does not occur at all, or occurs in only a very slight degree; fc 
antibody production, which is a kind of regeneration process 
supposes a certain degree of cell efficiency . 2 

This damaging effect will result especially with highly toxii 

1 It is, in fact, conceivable that the occupation of a single group only pr 
a certain amount of injury to the cell without being able to cause its death 
danger to the life of the bacterial ceils would increase in'proportion to the n 
of partial injuries, which again would correspond to‘the increase in the n 
of types of receptors. It is possible that the potent bactericidal sera 
obtained owe their success to a certain plurality of the immune bodies. 

% Weigert has already called attention to this. See Lubarsch-Os 
Ergebnisse der Pathologic, 1897, page 138. 
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"taken the experimental study of the preliminary question whether 
mmune sera derived by treating two different animal species with the 
same cells are identical so far as their antibodies are concerned, 
or whether they are partly or wholly different. Of these antibodies 
the most important are the bacteriolytic and haemolytic immune 
"bodies. According to our conception, as is well known, these 
possess two haptophore groups, one, the complementophile group ; 
and the other (which anchors itself to the receptors of the cells 
causing the immunity) which we can briefly designate the cytophile 
group. According to what has been said above it is this second 
group which possesses special significance in the question under 
discussion, and we may therefore formulate our problem as follows: 
To determine whether , in the immunization of different animal species 
-with cells of one kind , amboceptors (immune bodies) possessing different 
cytophile groups arise. 

The experimental study of this question can be pursued in the main 
In two different ways: 1, by means of the absorption test which, 
although it is very difficult, is applicable to bacteriolysins as well 
as to hemolysins; 2, by neutralization with antiamboceptors (anti- 
immune bodies). 

The latter way, the more elegant of the two, is, however, 
presumably applicable only to those immune bodies which arc 
directed against cells of the organism. A hcemolytic or cytotoxic 
immune body, as is to be expected, always finds points of attack 
in the organism of the corresponding animal species, for this is 
the first prerequisite for the possibility of an anti-immune body. 
As a matter of fact also, such anti-immune bodies have already 
been observed. On the other hand, the immune bodies of bacteri¬ 
cidal sera, since their natural counter groups are found in the 
bacterial cells, will in all probability not find these groups in the 
cells of the higher animals. Hence it seems improbable, unless by 
chance they occur in an isolated case, that anti-immune bodies 
directed against the bactericidal immune bodies will be produced. 

II. Concerning the Variety of the Cytophile Groups of Homologous 

Immune Bodies. 

We selected immunization with ox blood-cells as being especially 
.adapted for these experiments. Such immunization had already 
b>een carried out by von Dungern on rabbits. The production of 
immune bodies in high concentration succeeds particularly well in 
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this case, so that later investigators (Buchner, Helms, Bullm-h) 
have also employed this useful combination. In many cases, im*t 
easily by means of intraperitoneal injections of tin- <*x M<md, a potent 
haunolysin is produced of which (UK)o re. suihres to dMv** 

1 cc. of the 5% ox-blood mixture. Since the pmrlurtmu of fh« 
immune body is unaccompanied by any increase in complement (aw 
von Dungorn showed in just, this case*) it is ah\a\s ueei~sarv, in 
order to bring the total amount of immune body into action. 1 m 
add extra complement. This is found in large amounts in the serum 
of rabbits and especially in that of guinea-pigs. 

Now we have observed that the serum of these rabbits which line! 
been immunized with ox blood is able to dissolve not only tlie 1 »Uxwl— 
cells of oxm, but also those; of ijmtx. 'Hie following table shows «. 
comparison of the solvent act ion of several of these sera on tin* blia»d- 
cclls of oxen and of goats. Cuinea-pig serum (0.1 or o.b r » ee.) wtm 
used as complement since rabbit, serum itself, in the ilosin r<**|uirt**I t 
often exerted a luemolytic action on tin; goat blood-coils. 


TABLE I. 


Action of the Immune Hour op the JUniur Immunijikh wmi Ox Hioon, em 

Ox Uh<Hm f \xn <»n (U*\r 


Number of tho Habbit Trmt«<l 
with Ox Blcxxl. 


No. 1 of 1-24-01. 
“ 2 < 'XII-14-00. 
“ H- KOI, 

“ 4“ II- HOI 
“ 5 “ 1-21-01. 
“ 0 * * XII—17—00. 
" 7 “ XII-14-00 

“ h** n-a-oi. 

“ § " XII-15-00, 

“ io *' n-9-oi 


(*on»j4*'fi* i ( f WtijuiMfr frill ml 

IliO#* f«»r I »'»' I I it*t I * f 
t*f Ox i *if 


Cl CM M2 ! « 0001 

(i ocm , ii min 

o 002 ! ii mm 

O.IMKi ' II 111 

0.0017 , II f*Ml 

0.0011 f II 0051 

o (xjokh ii mu 

o mm i ii m 

o ooo 73 o mm 

0 1)035 ) ii mi 


Un*iu *4 slit» 
fr<5*mi | h&trm 

YAM*r<i «*»»*«****, 

I muplmm *"*4vrt«fc 

th*#* f*it 

11% |tlr«#J~ I. 


M3 

IJ ? 

1:1 H 

I ill II 
I ill II 
I ill f» 

1:3 

lit H 

M0 

1:17 


This table shows that tint luemolytic action of the immune body 
is always less on goat blood than on ox blood, arid that the ratio 
solvent doses for the two species of blood is not emmtant Init 
within fairly wide limits, as ran be seen from the last eolumst. 
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This variable ratio indicates that the solvent action on the two 
species of blood-cells is not the simple function of one and the same 
immune body, but that two fractions of immune bodies are pres¬ 
ent in the serum, of which one acts exclusively on ox blood-cells, 
while the other fraction acts both on ox blood and on goat blood- 
cells. 

These relations can be studied directly by means of elective ab¬ 
sorption. If the immune body is treated with a sufficient amount of 
ox blood cells and the fluid is then separated by centrifuge, it will 
be found that the serum has lost its solvent action for both species 


Fig. 1. 



of blood; for by means of the ox blood-cells, which as the original 
excitants of the immunity are carriers of all the receptors in question, 
both fractions of immune body have been bound. When the same 
experiment is performed with goat blood-cells, it can be shown that 
the fluid has lost its solvent 'power for goat blood, while that for ox blood 
remains. In favorable cases the solvent power for ox blood may 
remain almost unchanged. The conditions present can be readily 
understood by reference to Fig. 1. 

Let this represent schematically three portions of the combin¬ 
ing groups of the blood-cells, of which the first, a, is present only in 
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the ox blood-cells, the second, 7% only in goaf hlombe'clb, and flic* 
third, /?, in both. If a rabbit is injected with o\ blond. flu* ambn- 
ceptors (immune bodies) corresponding to groups m and { 1 »sll !i«* 
formed. Ox blood-cells, by means of their a mid /f P* r »0|* M . mill 
then be able to anchor all the immune bodice, whemts gout blood- 
■cells will anchor onl} r the immune body of portion /f, leaving flit* 
immune body of portion a in the solution. 

If, as this explanation assumes, the* goaf blood-cell* it 

certain portion ofr cceptors which are common to goat and **\ bb**d* 
cells, it is essential that by treating rabbits with tjmt blood an immnm* 
body should be obtained which likewise* would net on Iwifli sj m*'w* 
of blood. This, in fact, is the case*. And here, ns in the fir*! 
the solvent power for the two species of blond-cell* usually differ*, 
though of course the relations arc* reversed from ihm* in tlnii mm\ 
as can be seen by reference* to Table* I f. 

TABLE II. 

Action of the Immune Body of the Ruiwt wifitif $i%n fit'tv’ T«i 11 # ft miiii 
Goat Blood, on Goat Blood, a\i» o\ lif *«#n f 

(UftActivntion with jpiln«i f»if •#«*« I 

i | limn** *4 Hm 

e«mpli»tf» H*4 v«*ni j f**4r»|4**i* f 

Ihm* it I rr, i Ihm b * i m * t j \% \ f 

iif BlfMwj, I * H Iil«#*4 « . -V h*m »* # stf 

l | a##, M 


0 (II II 1121 

0 mini 11 im 

0 0012 11 im 

0.0071 j ft ,x» 

alfiiiiKf r«ftij#frli*) 

1 On employing tine nmm serum on a tiifftrml os bW«l 0 oa «t \w#bw& 
no solution at all, and 0,1 ec. merely a trace, Thin L n idrijly <lnr ft# n # 
individual lack of receptor** in the ox blood-eoH** in »§tjt^?p#tu ***♦ h m 4#in«l 
Itself so frequently in goat blood wkm we aiudkd 

Because of these ratios we shall have to mmmw that flip %mt 
blood-cells in this case a second nyptetti of binding &rtm§M 

which is peculiar to them and repwwntwl in the itlmr dmfgtnm 
by y. They possess these, of course, in addition In the rerepfnm* 
which they have in common with the ox blood eclk In amirdarirt 
with this, in the elective absorption tmt in ihm flip print hhnuh 
cdils will bind the entire lot of immnm* InkIii*; wJtmiw when m 


1 2 I 
I 1 

l *1 

1 * i;i 


Number of the Itahhit Trwitmi 
with <loat liirxxl. 


No. 1 Of II 2#-01. . 
“ 2 1 * 1-14-01. , 

“ 3 “ If - 7*01 >. 
“ 4 “ XII-lfWM). . 
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blood-cells an* used, Hu* group y will be left behind, fur this possesses 
affinity only for the goaf blood-cells. 

The following protocol shows flit* results of t wo series of experi¬ 
ments, which exhibits the effort of such reeiproenl binding: 

To each f> re. of a .7 “ mixture of ox bloc n 1-eel In or goal blood- 
cells {freed from senon by centrifuge) varying amounts of the immune 
body of n rabbit which had been Immunized with ox blood an* 
added. The amount of immune body in .seen in the first column 
of the fable; in the second ami third columns tin* complete solvent 
do*e> (for ox blond and for goat blood) contained in curb specimen 
lire given, an they were determined by tests made at the same 1 time. 
The mixtures are made up to f> re. with physiological salt solution, 
kept at l>7 r * (*. for 1 \ hours and then centrifuged. Two equal por¬ 
tions of each of the deranf h 1 thuds are then taken and again mixed 
with corresponding amounts of blood-cells. Finally guinea-pig 
serum is added to art bate the mixtures. The hjrmolytic action 
which the decanted portions exerted on ox blood-cells and on gout 
blood-erlls is seen in the fable. (See 1 able 111.) 

The union of fhe Immune body with the ox btntftf^rlls has results! 
in a considerable abstraction of both portions of immune body. On 
the oilier hand, the union with gmit hlootl a lht t by which the action 
of the fluid is considerably decreased fur gout blornt retfa, causes very 
little dwreasc in tin* solvent power for ox blood. 

In contrast to this ex peri merit we here reproduce sin analogous 
experiment which shows u directly opjiosife behavior of the two 
fractions of immune bmly of ti rabbit immunized with goat hlmth 
(See Table IV.) 

Here ihr tjmt hlmai-frttn him! tmih jmrtUm* of (hr immimr hotly f 
viol* affix irmlwiml with ox bltml-ndlM (hr fraftion art tog on gout 

bltml im It ft fitmm! intart, 

Henee by means of this emmet! immunization and nripmml tire-* 

ti re absorption we stirrwl in demonstrating that in the ease of the 
rabbits treated respect ively with gout blood and ox blood two 
large fraction* of immune bodies ran be separated, Of these, one 
fnietion Is common to buffi sera; the other is peculiar to each of 
them. Hie main groups of receptors shown in the jtbewn illustra¬ 
tion and flf'sigriiitetl m and fi for ox blood, sirtfl ami y for gout blood, 
fire thus to be differentiated. 

We have dmned it irtifwsrfaiit to supplement, this analysis by 
exjieriinent* on n second species of animal, and liave therefore treated 
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a goat with ox Wood. Naturally the serum of th«* gout hi trout*-*? 
dissolves ox blood-cells. Besides this, however, if mnnife? ts 1 in¬ 
ability to dissolve the blood-cells of a Jew other goats, and theref**r*- 
contains true isolysins such as we have previously produced 1*y 
treating goats with goat blood. Thus 0.025 ce. of the .-ermn **f 

TABI.K III. 

Binding of the Immune Body op a Hahiut Theater mini * t\ i!ni»fi* f miff 
Ox Bwjoim’ki.w, (io,vr Bb *nm * m.i/* 


Amount of the 
Immune 
Body Added. 
(Derived from! 
a Rabbit by 
Treating with 
Ox Blood.) 


No. 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


0.001 

0.002 

0.003 

0.004 

0.005 

0.006 

0.007 

0.008 

0.01 

0.012 

0.016 

0,02 

0.024 

0.032 

0.048 
0.06 
0.08 
0.1 


W 0.14 


Numlter of Solv¬ 
ent I)ow>h Con¬ 
tained Therein. 


Hoi vert I PoWrr of the 1% r»t»ir4 f h«d>» 


A, after Binding wiili 
(f% Bltwwi, 


ll, iiffrf funding ti#?f§ 
t #« vif }}*'«*'} 


(a) For 
Ox 

Blood. 


f 

1 

U 

14 

H 

2 

21 

3f 

4 

H 

H 

10 

13 

16i 

231 


(b) For 
(ioat 
B1«hm1. 


iV 


h 

i 

A 


(a) (hi 

liincffi. 


n 

ii 

21 

3 

4 

5 


Ox 


(1 

(I 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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one o£ our goats, on the addition of complement, devolved the ummI 
amount of ox blood-cells. This serum, however, dissolved but two 
out of five different s{Htctmerts of goat blood, and the isolysin con¬ 
stituent was present in only very small amounts, so that it rcf|tiir*«t 
0.75 cc. serum (thirty time* the above amount) to «‘ffcrt eomplete 
haemolysis of sensitive goat blood-cell*. lienee in this ruse tt!«w» 
the development of all such amboeeptorti as could find a jsiint *d 










Htmnm ox ilkmolyhinh. 


tm 

attachment (recepfcor) in the l)l««i-f*el!n of flu* individual" gftii KfC’lf 
has been avoided, and the phenomenon ivliirh we Iin\ e previinudy 

designated as a 11 fmrmr < lutvtuxku* ” 1 It§ again {iriftniiiti 



Front this exfieriftiiiit we ran i*t oim* rnnrfodr that %\m receptor 
system ft actually mmmtB of ilifferent, rornpoio riM, of whirh only 
those separate iitnlmwptorrt (ittttmim* are found in f lie «wrtsm 

<if goats treated with m 14***! who#e rerepforK tm* nh$* ni m the 
l/hanl-rells of the goat itself, 

The most important rmtii of fh<* r invent jgaf sore* im<"it;g'thntv' 
complete in themselves m the*: /!</ trmUn*f ammnt't *e»'If? *»$ hhmvl, tn n 
fmriimmtsf immimt fmln% $m /or*r*o/„ «/ wltol* tmr mO ordy «*»* o/ 
and fAe a/A#r atm on tpmi Mmtl ; trh*rmx hy frtnim* n$ n 'Jh f?«| W«##| 
fAr mnimrij ttwwjh mtirthf anatagmm rmmli *mn» * ft, w ft# t# |wr* 

1 We were f*N» able foohwm* tkii fkt iitifinief k#4> «I *f 4 *<f, 
liatl I wen i«»iipnib«i wit h tn hhml mm I #o*t htmml tu ted iifiwi *»n «W|* 14 *w#t 

lifter itosiM pwlmhly z\*nm llnit fhk I * h « e <* <r v lo 

In in* i if hi in* gnat l*!##rwl TM- entirely to #rtff tmthrt nW * 4 Aitkin 

tm the vxU ' Uhm * iniiliirtf v «4 flu * rifre $ 4 or appaifinn *4 f*wf » m ! •}**«*{* 1 }*««! 

t» it mm mmuhnl^l ptttimlmly by the tm 
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tions do not correspond to two difprent muffle immune bodies, hut rach 
fraction includes several, perhaps an entire hmt a} immune imtlies* 

The experiments also load to conclusions of vtmMornUv ifftjtor- 
tance in another direction, namely, as affecting our conception of 
cellular specificity and of the specificity of no dam protlnds , Here*- 
tofore it has been held that the* injection of blood of species a re»u!tj* 
in a specific immune serum, i.e. one acting only on a; and mv^tt 
Metchnikoff 1 has recently expressed this view. We had ulmuly 
become acquainted with certain exceptions to this principle, I lie 
isolysin, for example, produced by injecting goafs with goat 
also dissolves sheep blood; and, rice re mi, I lie immune* body t*ff 
goats which have been injected with sheep blood nets' also wa nri 
isolysin. At that time we emphasized flint then* mulls are nnl* 
to be explained by assuming that certain types of receptors are c#mi¬ 
nion to both specie of bleed. The same* holds true in the oner 
under discussion, von Pungem 2 has come to the Mime entsrltmbuf* 
as a result of his’ experiments, lie found that flu? immune b*4y 
produced by injection of ciliated epithelium arm also on the 14****i- 
cells of the same species, and that conversely the Imnolylir ifiinnnr 
body produced by injection of hlood-eells-i is partially bound Uy 
ciliated epithelium. 

All these circumstances indicate that we must not regard flu* mjm* 
cificily of the immune, bodies from the concept imi of fifHcifmty cmpt&yrti 
in systematic zoology and botany . The immune m*m, im we have ofl«*r» 
mentioned, are not of simple Unitarian nature, hut eonaist of a forfeit 
of single immune bodies whose eytophile hapfopbore groups rue 
respond to the receptors of the exciting relb, IU net nm'h *m imm *me 
serum will be able to afjtet alt such cUmentx which jemm m any one of 
the receptors whose tyjw in common to thmr th mentis ami the or a final 
cell “a” The influence exerted by the immune mmnn m HI k* j*m rf« 
ful in proportion to the extent of this eomypondettre of rrre§iftora. 
Now we have reason to believe (eh Khrhclfs deduction^ t e, f muI 
Weigert’s in Lubarseh-Ostertag's Ergdmime the Paltmloyi*, lsH7< ft* 
141) that certain receptors are very widely diairibtihd among vmbmm 
animal species. Titus the blood-cells of a large fiisinlii^ of 
possess receptors fitting ricin t abrin, not in, find Mmudymt , mul gan¬ 
glion cells of the most divergent animals receptors for Mama* 


1 Revue gfttfnl* dm mkmm t Mill, So. t, 
* 8m page 47. 



8TFIHES o>» It LMuLVHISU 


101 


gpamnm or for sausage jtaimm. Within the animal organism, in like 
manner, certain receptor* tin* evidently widely dkiribufed in the 
mmi varied orgniw, m k hhown, fur example, by the experiment* 
with tetanus {Mikoit. Ixmked nt front this *tnnd|«oiut, the apparent 
deviations in Kjjeriflriiy art* eomprehen*ibh\ We me ronviuml 
that in this field the near future will furnish tin with extensive ma¬ 
terial of immense value in the miuiysk and inly of tin* distribution 
of receptor*. We sire led to eoneludc. therefore, that in the pr«*duc- 
tion of immune hiidir.H by immunizing %% it It reik we entt Hj»«*uk of 
Mpriftriig only in the sen ho that- there is altvuya it e|*erifie rclnt ion 
lietween the separate tyfies of immune 1 iodic* and the receptor*. 

Tin? foregoing experiment ,4 constitute conclusive proof of flirt 
plurality of the immune l*»dicK produced hy in jf*r f if him of ox 
blood and goal blond. We »e\t rmbinoml to intend filter n otilfH 
by effecting it different hit ion of various groups of itiit innii* hot lien 
by means of the tmii iwmntu Imih f'd 1 lie high** f concent ration of 
immune Imdies at our dkpo »al wa * the * nun of ,t inbhtf which had 
liecn immunized with ox blood, lot vunou'* rca «#n ( i we ehn;»e foab? 
for tlim* immtmmng experimt fif*\ for tie knew that their blond 
cells already contained receptor" utpnhlc of handing a portion of the 
mixed immune ltndic», In treating then' goah> we U"ed the inactive 
serum of a rabbit iiiitiiiiiii/ed mil fi m\ blood, Thk rcrtim, which 
wtw of the highest jsebhle afrcngfh, win* injected subcutaneously. 
During the emirsc of two months we hml lint* injected pjf re, of 
an immune Usly serum, of which ffiftfo rr Milliccd, when reactivated 
with guinea’-pig scrum, to rnmpletelv devolve I re of a ft*; mixture 
of m blood eel Ik, At the end of that time we wire aide to denture 
at rate the cxktcnrc of art anti immune Imdv of roii?4«lerafile pro* 
ieetive jmwer That this vug reallv an nnti immun* hwly which 
inhibited the anchoring of the immune bodv to the red bhuai rrlln, 
ii seen by the following combining exj^rirnetif, 

Cl.§er, of the anti immune Iktdr finnrte e wmm of ti font ffritted 
m just diwri!**d) are mixed wifh varying amounts of the immune 
body {inactive nmmri of a rabbit treated wi’h «v blond 1 Ia n tipm 
1 ff» of ii *Y | mixture of I *b awl ee!k h inhleij f o i"|t fj ^pi*#dfn**n # I lieite 
an* then kept lit AW* C* for one hour and erntrdoged *£U** various 
aliment h are then mixed with «ift udnfhat am! ft IT# rr mrttml 
guinea-pig mmm, A jtarallel exj^rifia nt Ceontrol tr«t| In made in 
J.fair ,4% i#^n # f , ftfttft V/J 
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which the anti-immune body is replaced by the same iiiiioiifil i0,*# red 
of inactive normal goat serum. The decree of solution is shown in 
Table V. 

TAHLK V. 



From these figures we see that a &!nyU sohrnt lo-um**’ 

available for combination with the red blood *<rlfo onlv after * mht 
times the solvent dose has l»een added, tipd that n triple do*e v nm,* 
pletely neutralised, i.e., prevented from combining uith the bln-utb 
coll. The control test shows that 0,5 cr, of a wrw*d inieltve pouf 
serum does not prevent the combination of a ^olv»«nf d< m* of 

mmunc body (0.00125 ce.). Tlie sediment in fltb w e b # oinf«rft Iv 
dissolved on the addition of complement. 1 Bv thb eaj**riment the 
inhibiting substance is definitely characterized ie< lift m?,C uunotn* 
body. The following example will show the exact #ftianfffnfin 
relation of this anti-immune Imdy* 

Each 0.4 ec. inactivated serum (anfi«intimiiit» Itodv) of the gout 
treated with immune body are mixed with the given amount of 
inactive serum (immune laxly) of a rabbit f rented with n\ blood 
The specimens are made tip to the same volume by the addition of 
salt solution, kept at room temja»«tfitr«* for half an hour, and tlirft 
mixed with 1 ce, of a 5% stutpcttHton of ox blood* an*! with 0.15 ce 
normal guinea-pig serum (complement), A control ft%f b made in 
which normal inactive goat serum in uwid insfrad of the iinf $4mnm$m 
body* (Bee Table VI.) , 


1 We should like to remark that In the entire of numcmiiii experiment* 
w© have now and then found normal goat mmi containing alight mmtmU 
of an anti-immune body acting on the immune foody #1 rabMt* treat**! with 
ox Mood. This is to foe brought Into eonnaetbn with the Imm (mm &$m SMmmr* 

L e.) that the artificially produced mtlho&im frequently rc$*r#?wfff tinly mu 
increase of normal functions. 
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TABLE VI. 


Experiment with 0.4 cc. Anti-immune Body. 

Control Test with 0.4 cc. Normal 

Goat Serum. 

Amount of 
Immune 
Body, 
cc. 

Solvent Action. 

Amount of 
Immune 
Body, 
cc. 

Solvent Action. 

0.0175 

complete solution 

0.001 

complete solution 

0.0X45 

strong 1 ‘ 

0.00085 

almost complete solution 

0.012 

fairly strong solution 

0.0007 

strong solution 

i ( a 

0.01 • 

moderate solution 

0.0006 

0.0085 

little solution 

0.0005 

moderate solution 

0.007 

t c it 



0.006 

trace solution 



0.005 

•small trace solution 



0.0044 

(( a c t 



0.00375 

( ( ( C ( ( 


% 

0.003 

minimal trace solution 



0.0025 

< i t i t ( 



0.002 

a ec a 



0.0018 

0 




This shows that 0.2 cc. of the anti-immune body are able to com¬ 
pletely inhibit the action of 1.8 times the solvent dose of immune 
body as determined by the control test, and that it almost neutral¬ 
izes the action of five times such a dose. If, however, we measure 
the protective power by comparing the complete solvent doses in 
the two cases, this appears much stronger. The ratio of the com¬ 
plete solvent doses in the presence of immune body and in the control 
test is then 1:17.5. We shall discuss the reason for this later. 

Since the inactive rabbit serum employed in immunization con¬ 
tained complementoids, the presence of anticomplements along with 
the anti-immune body is easily understood. The anticomplements at 
first were directed against rabbit serum. After the immunization 
had continued for some time longer anticomplements appeared 
directed against certain complements of guinea-pig serum. In these 
experiments, therefore, in order to overcome the anticomplement 
action (in reality insignificant) directed against the reactivating 
guinea-pig serum, it was merely necessary to employ a considerable 
excess of the latter. 

In contrast to these results are those obtained in an analogous 
series of experiments, in which, however, the complement was in the 
form of goat serum instead of guinea-pig serum. (See Table Via.) 
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TABLE VIn. 


Experiment with 0.4 cc. Anti-immune Body. 

/ 


Amount of 
Immune 
Body, 
ce. 

Solvent Action. 

o.o/u 

complete solution 

0.042 

almost complete nolutioi 

0.029 

moderate nolution 

0.02 

trace nolntion 

0.017 

faint trace solution 

0.014 

0 


(’«>i»ir »4 Tmi wjiii « I»«\ 
< 0 mf t »*#'» 


—. 


Ammm! «*f 


Irnmufif* 


IT> 


o mi \ 

riifii|*Irfi* wjitffrill 

u i) 12 ; 

ithuofcf riiiiifilrlr ■*! tif ion 

It 029 

IIM ule §**ft 

f# 02 

\ cry lit f It- fiiilui p#ii 

0 017 

ft lire m»I ill iirii 

II 01 I 

II 


In this mmhitmUim the anti-immum hmlg t jrt rts im neLen }!**•*> 
we must here he dealing with a particular tape aj immuut Wlf *< A** t 
effects a comtnmtlion with a earn plena nt present m gmd m rum, 1 
immune body enters into no relation with the rtunjilex of Immmm 

bodies here present.; it must therefore jumm w a ImpUtpfam* ffftittj* 
which finds no fitting counter group therein. 

As a matter of fact the completion by mean* of §rwt# ntrum ortti, 
pies a special position, for the quantitative relations of the mmmmm 
body arc entirely difTerent from theme olwervwi when 
serum is used. In order to effect complete solution when goat iservim 
is used as complement, it is neeensary, m a rule, to tit#* from ten f#» 
thirty times the amount of immune body that would tie ft*c§tiir«f 
if guinea-pig serum were used as mmpkmmL Thin m well dmwn 
by Table VII. 


TABLE VIL 



Complete Solvent 1km 

(bmp*!* Mwnt 1km j 
of Immune Bmly whm 1 

l*tma ttftlt j 


No. 

of Immune Body when 
Comi^ementeJ with 

ftfctlo %t f «|pi* T»n t**'*m». 


Ouinee-pix Herum 0.15. ! 

(km* fferttm #,J* 



ce. ■ 

m. 


i ! 

0,005 

o ».i j 

1 111 

2 ; 

0,0075 

0 073 

1 10 

3 1 

0.0075 

0 1 

l i:i 

4 

0.0025 

0 07S 

i m 


That this behavior is not due to a smaller content of mmptemeiit 
fa the goat serum can readily ha determined by suitable experiinenhi 
especially by increasing the dose of the latter. 
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Thiae&n only !m* <>xplaifti*d bv amsmhtg that only part of thu total 

numtx*r of iiniiiiiiir* bodkin find filtiiig romplommitx in goat wmm f 
and that thin partial nmui**r vnri«»* # but b id\vnv> 1mm than tin* number 
of immune? hod inn iirtivated by gttiftoii-fitg wnim, The diagram 
printed Mow will bi^l make I lii^ relation rlmr. 

We have? made ft further mmax of e\|w'nmentx in order to rom- 
plete *t udieH, am I ha\e discovered t lint our anti immune body 
aIso protected tjmi hlmni^rtII a iigaitmt tin* immune hotly derived 
from a rabbit treated with o\ blood. This of omm* b <jitif** natural, 
for we havo already show u that this uction on a strange species of 
blood deftends on a rnnewrdunce of rrilain haptophore groups. 
Similarly, t!i<* ant idmmunc ln»dv protects ax UlaatMctlla against thit 
immune body of a rabbit immuni/cd with f/on/ hi ant I, 

These exfterifiteitfs loud m to the following conclusions: The 
anti-Immune hmhi th rtml hy niptiuaj tjmifu u tfh immune Uml 'u n uf 
rahhitn in nut a aim pit uni farm \f imh$ illicit J atthafann , hut in nuult up 
it} a whale Merit m af palm! immum hmhen, /« (ht ax hiatal nmt! tn 
immuiiiii I hi rnhlnln we Imre nlrtathf thsttntjui&hrif Urn mmn pnriimm 
af rmpiurn la which mimn Urn mam (mrinmM af iht retutllnaj immune 
bmlij eutrtrpami* Much af th* hill* r ptriamM in nit prahnlnhUi run* 
(aim a hmi af ftarlial immunr hmhec mml i re muni annum* that,, 
mmmprmlimj la lhi* t Ike unii*immunt hmiieM aim jrnmem u mmptex 
cmmiiiuiiim , 

In tin? following iliiigriiiii it m not sought to express flint ftin 

frmnmm Isxliett which mn tie activated by giiirii*ii-pig scrum tiro nil 
identical On tlm contrary each group may represent n different, 

kind «f immune laxly. 

Wit have aeon that than* m ft great difference Mwwn the drwo 
of immune \nnly mdiudi in trmfjrlchf mmimtiiul by n rrrfniti iitiiiuitit, 
of nntidmriititm ImhI v* iind flint mdiirli in tfir prtmawt* fd ?mfi immurtu 

k«Iy ratline emnph*U* m*Uitum, Tlsi# nut I n* utifirrpfuod whmi iv«* 
rmill tin* nUm^maniinfml ilbirilnilinri of fnirtiiil 'mamma 
and oxamirm th«* lisiignmi, Idg, 2 

In iinlrr t« vhwmt* a wtnpli* iilit^frnf tort Sid tm mmtm* fhut, mrr«*- 
«}>ottflhtg to ttir diiiicmnn tin* mamma m*mm of fhr nibiiit iiiinttt- 
nixrd with ox Itiooil rontaifrH only two diffwitt tyftnn of ititiiitinii 
ktdk^ ami ilmm\ fntihanmmu in iiftmjiu.il mtmnnt*, tH I hr mnin 
iwrtiftii 1 m! raprtmmtml by imrrmtn* I tody fy}«* o, mdiirti m nHimtad 
by a pmrimimt mmphmmi pramrnt in I ha mmrnVn awn (rabbit V) 
«erum. Furtlrr, l«d flit* futrlbn, prmmt tn intirft l«*nn atnmmt, 
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be represented by immune body type b, which is activated by a 
different complement also present in rabbit serum but found in 
goat serum as well. Let the proportion of a: b be as 10:1; i.e., a quan¬ 
tity of immune serum containing one complete solvent dose of b 
will contain ten solvent doses of a. In this case then it will require 
ten times as much of the immune serum to effect complete solution 
by means of immune body b (which is the case when goat serum, 
which contains complement, only for b, serves for reactivation) used 
when immune body a is employed. The composition of this immune 
.serum can be represented by the formula 10a+16. 


Fig. 2. 



Diagram to show the two types of immune bodies present in the immune 
•serum of a rabbit treated with ox blood. Each immune body symbol corre¬ 
sponds to one solvent dose for the amount of ox blood employed in the ex¬ 
periment. Immune body type a is present in ten times the amount of type b. 
The complementophile groups ’ of a and h differ; hence also the complements 
differ. The anti-immune body serum possesses anti-immune bodies only 
against a. 

As is seen by the experiments, an anti-immune body exists only 
against immune body type a. If therefore to an amount of immune 
body which contains one solvent dose of immune body b and ten 
•solvent doses of immune body a (i.e., 10a +16) a large quantity of anti- 
immune body serum is added, and then sufficient suitable complement 
it will be found that solution always occurs, for the reason that a 
single solvent dose of b is present which is unaffected by the anti- 
immune body although this was able to neutralize ten solvent doses 
of a. One-tenth of the above amount of immune body, on the other 
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hand, will lx* ctimpUtih/ inhibited in it* action. Far thin contain* 
ow complete solvent dow of immune !«»dy n which i* neutralized 
hv the anti-immune laxly, and only orn-ti nth of u advent done of l> 
which, although not affected by the iiuti-iuimnne body, i* ht) flight, 
tw not to cauxe any appreciable solution. (>nly when larger amount* 
of immune laxly are employed in which h I income* active due* solution 
occur, and thi* lieeome* complete only when that tpmnlity i* reached 
which contain* Situ■» \h. .Naturally, if the ratio in 1:20, a quantity 
will la* reijuiretl which can lx* represented tty tin- formula 20 n | lh. 

Thene explanation* will j«*rb»pM suffice to make the nlxive men¬ 
tioned peculiarities in the actn.n of the anti immune body com- 
[trehensible. Tiny will perhaps also make clear that h>t>r,,n the 
f/t,s, nf imminn hint,/ whnm „rl,„n ,V, niinjiht,h/ iuhihihd % the nnti- 
i in inn in-hint u m rum and tin th,*t iihirh enmu H nnn/it, h >;„tutnin n Itui/c 
ininihir nf inti run if inn/ stmj,., <j< t in which //,< dnjeu nf milntiun 
ijmilimltij hum uni ,i. 

In reality the cireutn.tanre* are much more complicated than 
this; for with the increase m the dose of immune bodr a large number 
of new immune Ixwhen. ,«u»tilarh sujx-rposct!. coiite into action- ■ 
immune hod*e-< which hod f« w or no eon*- ponding anti immune 
hixlie. in tht auti-t-ium, 

d hia bring n to another important <jtic ,t ion ; l, it pn.r;ilih In/ 

mmmt nf //. m b hwt 4 In Ihi di/j, n „c< nf the 

imnitim huitnn pro,bo t J I,,/ , o«o,, ,,j , tr I, llt /„ i/i/f, ,, „/ ,.y„ ,, (1 . t 

Httr fit t evjK-istnetit were and* r’sd.eii with the serum of goat* 
"h’clt had Iwtn immum/ed with o\ blood V- ttl || | H , ,| fi< 

follow in;; h;rnn «. nor unit immune !«,*K bh-med by injection., of 
:m immune b*xb obtained from rabbit- s in tbi. e„ «.»■ .ctt , a*, net mu, 
The vanins; amounts of immune bndv mentioned ate unu-d with 
tf 1 ec. anti immune l»«|v and tb. u n?*h I ee. .7 , o\ blood u g..,.,, 
and 0."» ec. norm;*! noth.- goat , mtn to activate i) t e mi, lure, In 
the 'otitrol U ’t ftre jii.'ic»tve norma! gnat >erum ate u i d m-dead 
of the anti imttnne l«idv f*e* TabV t‘111 > 

d'h.-t! tlib n rum differed marled!. with |e,| iW «t to it-, eont.-td of 
indiv iihtal immune b«dn u w- already Town 1,-%- the f (il t fh*d < jp 

contra t to the serum Ilf itf,mtit.i/e.l rabbitit did tmt .. .'h u 

ha ttmly-.n acting on all yon* b!n>4 » 1 11 m general, - jr»r «■ an } t ft ha ttmly- 
Hti^vottl.l have t M rte-I ft rn>, t f*tjtir>o*t, action in the form of an mit.o 
iyj-jtt, ,V-( n matter of fa<», the law alreadr tnett'miieii und>t the name 
hfirrtw nntntnjr»i , t % ” ;toj lad here .'dot and henet* metefy an i:n,h/ l ,,n 
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was developed which acted only on goat bloofUrclJs of n ]* w sfidn hlnnln 
and whi(‘h therefore possessed only a few individual ^p*' n nl £D*uj s 
in its immune bodies. Against this ihiIvmiu »ln»'h tv^u- * nnd a 
relatively small portion of tin* typos of immune !t*dn^ L*n?d m the 
goat, our anti-immune body also proved entirely inetl*Ttivr, 214 hi 
seen in Table IX. 

TABLE Mil 


Exjwrimcnl with Anti inirnum* H*m1v IV»4n-! '!*-«* 


Amount 
of Imtnmio 
Italy. 
me. 

Solvent Action. 

\iieeitd 

• 4 tmnmtsr 

I taly, 

ft \ 

J l'* -hr* .< .VU-to 

0,051 

complete solution 

n it:4 

| rotiipSHi- Mpittnj* 

0.042 

almost complete wthifion 

ft ft*2 

\ilf§i*cvt * *fiopl*i * dr * ** 

0.03*5 

strong solution 

it m;i 

' Jilfl«|*"-*>ohr*l 

0.029 

morferuh* ho! u! ion 

It «I20 

, lOO*|rl ;§W 

0.02 

trace m>1 tit loti 

II U2 

%i'fy f‘oioto4i 

0.017 

ciouiitftii 

0 HIT 

| f t ft* r »*o|t5?$o|| 

0.014 

0 

ft ftl 1 

«* 


i 


In tins exfteriment the* rtteihtd \vm e\mlly Mtinhtr to that of tin* 

previous onw. The blood whs from gout No. 111 # I rt% *»f 11 3* fl 
suspension being used. 


TABLE IX 


Exswrimimt with 0.4 it. Anti mirmimi 
Italy. 


Amount of 
Immuttn Italy, 

cm, 

1.5 

1.0 

0.88 

0.61 

0.61 

0.42 

0.36 


Solvent Aof>o». 


complete 
M mug 
Hi mug 

mmhmte 

little 

trace 

C) 


I outf*4 I#tfi fc'iiii ti i m 


*»f 

IfMfiwifi#* Itali 
fm, 

t 5 

I 0 
o m 
a ot 

It 51 

It 42 
ft X* 


Antuii. 


fit tie 

trim 

if 


We nm from this that by treating a goat with ox hhmtnth, mnmrn 
bodies ham Item formed the main portion of tehirh differs from ttmm 
obtained by immunizing rabbit* with ox hlnotl or goat blomi, 

A second species of animal in which we have been able to demon¬ 
strate a difference in the immune boda* in the gcotm. The immune 
bodies obtained by injecting a goose with ox bhtod-cell* are also not la 
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affected by our sinti-mumim- bu4y. If may be flint an entirely 
different receptor uppuratus b j#fif in the K 1 ****** him! that this 
effrHH 14 combination with different hapfophore gnnt^ whirh iendn 
to tin* formation of immune hmht^ »rf entirely different character. 
Our further e\|»eriiucnm rM!tr»«r?t«I thcin.Melve» with fin* action 
*hI by our nnii-immune body tut immune h domed fr«»in 
rri^* ijuhmi^hjK ninl by treat luml with n\ blood, We found 
thnf fin* anti-immune body e\eried a dot met jirotectiv e fiction «£ni»*t 
all three nerci* but flint thu \%a> J*-*.s nimng fluu* that ngiiinnt the 
immune 1 »«hIv of tin- rabbit. *1 In* f*r*U«*Hinti \vn* Uwt immmt die 

m*rmn of the nit, for if did not e\*-n MiHn-e in absolutely prater! ugaiUMt 
i,ill-half or nm-tlurd of thi- fatal do*e <bmpMe solution eimtird 
in tin* presence hi ltd or anti immune body e\eii when only double 
fin* tMial * f *1 v$ in do i' iif immune l»**d\ mas employ**!. Tltb indicate* 
ituif f Iij.h MTUtii *** »ntain a fi'lnf i \* l\ btT» # amount *»f tin* non neutrali/. 
nhh f v!»<*-* *4 immune bod-* . in anv e* e an amount far irteatei than 
h rotitnimd in the sabbit ‘.emm hi tin nu* tin- ra e i.» mv 

similar, tin* prapoihon 03 double fin* ohint do i* liiii#f ( jm \ > 4, 
Tin* nearest nppraaeh to tl o rib** ^ b»und 4? tin* rabbit i 1 ceen in 
tin* >t-*riiiii of 14 dog trouted with **\ bb « * | In tin,'* it i e* pnii*d et x 
tilling tin* usual m<\ vent do-r iorfb^t complete Hilift ran in the pf« settee 
of the anfi4mfimto‘ 1 

All ihh h* tlm tlmf ill flif- ifnliifitif* ai»rfitfl of 

thr«o thr#*** flit- rytt#|4nl«* ff*mp of n*rt*iifi |»#irfPiii'4 m ailrftiiftii 

ivsfli f In* rytofilnb* f?P*tijf *tf mf 5 nfi miiiitino Sitin'’* in I In rabbit, 
CVrtniii particular $yr«#t«fi*f flic bl«#ab«'r|h tli# + frforc i«itt’4 hi 
cijimlly into tip* rcn^pfitr- *4 flaw iIiffrM§t niiifiinl> If# vi*’U of 
tJib fiiH, i!n» riifiP* nb (! cfico sit the tjonf of flint f#firin4i of iinfinific 
Ip p|v wliich inti Ip'Sp <f.'rah^ol \t% ifiiiiinnc |pkI%' m «#f i^|anial 

ilifcrc'4, A“ uIptoIv • tatf-4, vo- ;ip' },# rr 4calir4’ ^th an f^.r#-|4 f ##n 
which i- c#inflectf^l 4 *'4b tin" ittjfio of autoh 4fi 

We tun i fherefoM* mu* )n h* fbni *n r^ni^tmh -«• ^itlioiir iMniin}i- 

lion, flic immune boilhv. fonn» ( 4 n. uiiv loiiyj 1 ' * a n bv treatin$ # 

# f! i fi j#'rJisi|e «4 nn# O'of *«, to 4 itutunn*' 4#*fr,r#l lioip 

tiff*'*- j'i.» f**^l ^b*-1f lifhm* pi#' 

ti„ni ht»<u4~ dt4 it hi ? it4 imp u.4e> tn*' iisPi^iDe h^ifirrs icPin**a |?if^ 

rat 1 H* Ir4 »pi ifpiM'- of f | # r *lct Cot l %t <> Pi*tc utro that 

tin* *io^» iii ntfif i -yii Ut rabUp ! \ puraaU #:§Ot ^ ip* it* r 

for tip* gfoti|w 'it «#f the ihnftftttH, | }% I *'m!?<8ooI 4 to th*- ; bjonflirll” *4 **\* U 
ami goat*. 
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animals with ox blood-cells are not, as a matter far!, of /*mj'*** 
[einheitlich] nature. Thane ohtaimd from gouts and ^ an <*sy 
markedly, if not entirely, diffennt from Ihm* of rabbd ■, uhd< 
from guinea-pigs, rats, and days art jmrtly hik 

Wo have already pointed out the significance of the* nn nnr mo*”** 
in §11, page 92. In all probability similar enwhtp^w **bt;oi» h-r 
bacteria, and it would therefore be advisable not h* otu-mpt tfa p ***- 
dud ion of bactericidal sera from a single am mat rpro *s o '* ft> '* 4 ’ 
customary, hut to make a prepirntion containing a mid nr* »»/ 
ami derived from animals whose receptor appmiiuM or* id 

as possible . 

III. Concerning the Variety of the C'limplemriitoptille IJrmip* of 
Homologous Immune Ifotliend 

From the foregoing sections it will be h^ii tfmt in rnfobaung 
infectious diseases we believe it advisable fo 4**v *^u« j* 
a great many bactericidal immune bodies which, in iuni*at$*fi \ *«* Db 
the multiplicity of groups in the bacterial ref!, mil dtfhi #ti tli^r 
ajtophile group. It will now la* nw**nry to imeeftgufc lie*' 
of a difference in the complement ophite groups of tln^f muonoe 
bodies. However, the treatment of this tptcdinti cm nt potent t*uh 
be fragmentary, since our methods in this field are ill v*-n ifn ««§i#pJrte 
and definite results eim only he obtainal in sj»er*ally (u%**mUlv nwv 
It will be advisable to commenee this efudv with fl#f # immune* 
serum of a rabbit treated with o\ hlood. In thi* if ter* nlrcndt 
been pointed out that two portions of immune Imdi*** ure pr<?« t»t 4 
each of which again is to l>e regards! ns rum|***«i of it ii^mbrf of 
partial-immune boclicH, This view of tin* of the no* 

mune bodies is supports! by the mtefivatirt# e%§rffftgrtite m idorti 
a number of different kinds of sera furnished the rotiiplr’inciJt* Th#* 
brings us to our present topic. 

We have already mentioned that the mmt favorable rwttli* in* 
achieved when our immune* body m aetivatid by nibliif w g monte 
pig serum; the activation by means of gout *cnsin, together with it* 
peculiarities, has also been tlmumnl nt length. 

The following list of complement shows their action in the pm w* 
enc© of varying amounts of an immune lioriy from ft riihliit mmmmfml 
with ox blood. The amounted complement emfibyed was always ample, 

1 Hm also Ehrlich*# later i iew#, MM, 
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TAHl.K X 


AetiVBtmM, Hrfum, 

liiiifit'iijtiK 'rrmn 

Uahhif H*mm 

llnf H'mtu 
(Um’t* H*nmt 
< 'hivheh , , , 

(fonf ■ 4 'tniu 

'.rl'flfli 
I for 4* 'irmiii J 

1 TIif« hop* w'tnm, w Idrfi IupI l^rfi fr«^liJy **hiitiiiril, futlrd iihit to rtrnrtf- 
vnfo flu* iffiffittiif* I *«!«♦** id ;i #«♦:*! and a tilth h find 1 h**«i* tftmmftiml math 

ox bUnnl. Vrf if wit,« tmi n* all frrr from rofii|#irffi#*nf, for m%t*n in mmmnlf* 
of If,If# ce, if (lirtMilvud gtifftrii-fiffi Mt#*l tf dtd ft**f ml tm tnhUil 

hhinl. 

Thin $hott> fjilif tt h«*fl dlff* lofrl ‘ 1 I'll Mv tm! n > rnfftJ4ft 
flaw fa it groat variation m ft**- antfoud of mmmn^ hud% 
for whtfioin I>|rt*pf»llr th<* r urrjoo runn nuiLr it prof hi till* 

tiifit \vt* 11 ro tliiiliic h dh #1 #fi* i#'iif 1 11nf | 4 infi # il nnmmn* Itodtt**, 
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toph.il* groups cnmt iuto play. With the means at present at our 
di.-posii! it i» imjcWibhu except In a few favorable cases, to deter¬ 
mine whether this plurality of coxnplenientophile groups corresponds 
exactly to a like plurality of eytophile groups. A ease in point 
is that of the partial immune body which is reactivated by goat 
serum, for vhich we could >how that it was not diverted by our 
anti-immune lody. 1 

The difficulty of a full analysis of these cases is due especially 
to the many jxissibilities that must be considered. It is possible 
that i in inline bodies with different eytophile groups possess the same 
coxnplenientophile group, or that those with the same cytopliile 
group i assess different complenientophile groups; and finally it is 
possible that, besides a particular eytophile group, an immune body 
may possess two, three, or more complenientophile groups (triceptor, 
quadric t ptor). 

In any case It may be considered a fact that in the Immune-body 
mixture different kinds of complenientophile groups come into play. 
Were we to assume that the serum of an animal species contains 
only a single complement, we should have to regard such a plurality 
of complementophile groups as evidently a useless arrangement. 
It seems incredible that a given organism should form haptophore 
groups in its cells (for the immune bodies are merely thrust-off cell 
derivatives) If these groups were never during life to come into action, 
but were only to be of sendee in case the organism were injected 
with foreign cells. It is much simpler and more natural to view 
these circumstances from our standpoint, namely, that the comple¬ 
ments of an animal are, from the first , of manifold variety. 

This assumption best harmonizes the results of the various experi¬ 
ments which we have made from the beginning of our studies in 
hemolysis. By filtering goat and horse sera through Pukall filters 
we were able to demonstrate two complements. One of these, fitting 


1 In our fourth communication we have discussed analogous cases in 
detail, subjecting them to thorough experimental investigations. At thiat 
time, however, our studies were directed only to the complenientophile groups. 
In that case the serum of guinea-pigs immunized with rabbit blood contaia.ee! 
two Immune bodies, of which one found Its complement in guinea-pig serum 
but not in rabbit serum. These immune bodies were present in the propor¬ 
tion of 1:10. In another case mentioned at that time we observed eonsider- 
aMe chronological variations in the proportion of two immune bodies with. 
different complement ophile groups. 
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to an immune body acting on rabbit blood, passed through with 
the greatest difficulty; the other, fitting an immune body acting 
on guinea-pig blood, passed through in part completely isolated. 
We were further able to show that heating the senim of a buck 
treated with sheep blood caused all the complements excepting 
one to disappear. The one which withstood the heat fitted the immune 
body developed by the immunization. We were able to demon¬ 
strate the same thermostabile complement in greater or smaller amounts 
in the serum of normal goats and calves. To again call attention 
to these experiments is not superfluous, for Gengou (Annal Vlmt. 
Pasteur, 1901) in spite of these proofs of the plurality of comple¬ 
ments, still maintains that the serum of each species contains only 
a single simple complement, “ the alebin.” 

It would be natural to conclude that there is a plurality of com¬ 
plements from the manifold variations observed in the comple¬ 
tion of various inactive sera by normal sera. The commonest, 
example of this, probably known to every one having experience 
in this field, consists in the fact that a certain immune serum can 
be activated by two different sera serving as complement, whereas 
other immune sera can be activated by only one of these sera. Never¬ 
theless from our standpoint we cannot regard this method of proof 
as at all conclusive because it rests on the assumption that for a 
certain species of blood a serum contains only a single interbody 
(or immune body). In our fourth communication we have already 
shown that this assumption does not hold, even for the interbodies 
of normal sera. 

The assumption of a plurality of complements in normal sera is 
supported by the fact that by injections of a normal serum (which, accord¬ 
ing to our view, possesses various active substances which may be 
present as complements, or, at times, in the form of complementoids) 
antisera are formed which act against the complements of carious other 
sera. In a number of different animals by injecting various sera we 
have succeeded in obtaining anticomplements acting not only against 
the serum originally employed, but also against certain comple¬ 
ments of rabbits and guinea-pigs. According to Bordet's experi¬ 
ments it is possible, by injecting a rabbit with guinea-pig serum, 
to obtain an isolated anti complement against a complement (able 
to act in this particular case) present in guinea-pig serum. From 
this it follows that in these sera, since they excite the production 
of different anticomplements, at least two different complements 
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are concerned. In this connection it is particularly interesting; 

to note that by long-continued treatment of a goat with rabbit 

serum we obtained an anti complement serum which acted also 
against guinta-pig serum. Table XI will make this clear. All of 
the experiments are made with an immune body derived from a. 
rabbit by immunizing with ox blood. 


TABLE XI. 


Ant Ico m pie* 
meat L drived 
from 

] 

Treated with 

Protection 

against Rabbit 
Complement. ! 

Protection 

against 

Guinea-pig 

Complement. 

Rabbit ; 

Guinea-pig serum.. 

+ 

-+4 + 

Goat ; 

Dog serum..... 

4 + + 

4 4 + 

Goat 

Home serum. 

4 + + 

+ + + 

Goat 

Rabbit serum.. 

4 + + 

+ + + 

Rabbit 

Goat serum... 

+ 4 

44 

Rabbit 

Sheep serum... 

4 + + 

4 4 4 


+ 4* + * strong protection; + 4- = fairly strong protection; 4 = very slight; 
protection. 


With ike assumption of a plurality of complements we are led ta 
the %'iew that the various compUmentophile groups of the immune body 
here concerned (contained in rabbit serum) are complemented by a 
life number of partial complements. As a result of this fact the possi¬ 
bility exists that certain of these complements are not constant, occurring? 
in the blood only from time to time. 

We may perhaps give another example of these partial com¬ 
plements, which concerns one of a number of rabbits treated with- 
repeated injections of goat serum. As already described in a previous 
communication, this results in the disappearance of certain com¬ 
plements and their replacement by corresponding autoanticomple- 
ments. In the example mentioned, this disappearance manifested 
itself by the fact that large amounts of the rabbit serum were 
unable to activate the single or the double fatal dose of the 
immune body from a rabbit immunized with ox blood. How¬ 
ever, when thirty times the amount of immune body was employed 
complete solution ensued. Evidently ike principal portion of ike 
complements usually present had disappeared from this serum, but a 
partial mmplemmt had remained which acted on a partial-immune 
My present in relatively small amounts . The circumstances in this 
mm therefore me entirely analogous to those above described in 
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which, we proved that a particular immune body present in small 
amounts and not diverted by our anti-immune body, finds a complex 
merit in its own serum which, in contrast to the other complements, 

is present also in goat serum. 

Three things have thus been established: 

L Each normal serum contains a number of different com¬ 
plements; 

2. In different animals a part of the complements present are 

either completely similar or at least similar in their hap- 
tophore groups; 

3. The immune bodies obtained in an animal species represent 

a number of different complementophile groups. 

As a result of this demonstration the question whether or not 
the resultant immune-body mixtures obtained in different animals 
are identical in their complementophile portion loses in interest at 
least so far as the problems under discussion are concerned. 

Hence we should merely like to add to the results obtained by 
activating the immune body of a rabbit immunized with ox blood, 
the results of a parallel series of experiments made at that time 
with the same amounts of reactivating sera but with the immune body 
from a goose immunized with ox blood. (See Table XII.) 


TABLE XII. 


Reactivating Normal Serm. 

Amount of the 
Rabbit Immune 
Body Sufficient to 
Effect Complete 
Solution, 
ec. 

Amount of the Goose 
Immune Body 
Sufficient to EfFeei 

Complete Solution. 

ec. 

Guinea-pig serum.-. 

0.0025 

0.005 

0.005 

0.015 

0.015 

0.05 

no “completion” 
no “completion” 

0.025 

0.05 

0.1 

0.055 

0.055 

no “completion” 

0.035 

no “completion” 

Rabbit serum....-. 

Rat serum ..... 

Goose serum..... 

Chicken serum.-. 

Goat serum.-. 

Pigeon serum.- .. 

Horse serum... 


This table again shows that the Unitarian view, according to 
which each serum contains only a single complement, lacks all prob¬ 
ability, for it is to be expected that in that case the zoological rela¬ 
tionship of certain animal groups would manifest itself in their com¬ 
plements to a greater degree than it actually does. When, for 
example, we here see that the rabbit immune body is not reactivated 
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by horse serum but Is reactivated by goose serum, we should neces¬ 
sarily have to conclude that ‘The ” complement of the goose is much 
more closely related to ‘The ” complement of the rabbit than is 
that of the horse. From the Unitarian standpoint also a more 
marked difference should be manifested by the complements of 
the goose, the chicken, and the pigeon, for the first two reactivate 
the immune body, while the last does not. A priori, therefore, the 
Unitarian view is very improbable; but aside from this the reactivat¬ 
ing experiment with the goose immune body (which shows this to 
be reactivated by all three avian sera) speaks against this view. 

All of these facts are readily explained if we accept the pluralistic 
view that each serum contains a large number of complements, and 
that certain types have a wide distribution in many classes of animals. 
In these they may be completely similar, or, what is of primary impor¬ 
tance, their haptophore groups may be identical. It may very 
well l>e that the avian sera are dike in the greater part 0 } their partial 
complements, and that therefore all three sera may in certain cases — 
e.g,, with the immune Imhj of a goat immunized with ox hlood—reactivate 
in like manmr. But It is not necessary that these three species 
correspond In all their complements, and so it may happen that a 
certain partial complement which is absent in pigeon serum is present 
in the other sera. This occurs in the above case with the immune 
body of the rabbit immunized with ox blood (and with that of the 
goat similarly treated). 

I should like to emphasize one more point. The immune body 
of the rabbit immunized with ox blood is not reactivated by pigeon 
serum, whereas the immune body of the goat immunized with ox 
blood is thus reactivated. This fact in itself should occasion no sur¬ 
prise whatever. The tissue receptors which are present in the avian 
organism, and which constitute the matrix of the amboceptors in 
question, possess complementophile groups that fit complements 
widely distributed throughout the avian body. It Is not at all remark¬ 
able, therefore, that the immune body obtained from the goose finds 
complements in various avian sera. In like manner it can readily 
be understood why pigeon serum Is unable to reactivate the immune 
body of the rabbit immunized with ox blood. 

The general conclusion, however, that the avian complements In 
their entirety are different from those of mammals, cannot be drawn 
from this, m is shown by the reactivation of the rabbit immune 
body by goose and chicken sera. 
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This brief analysis will show us that the eomplementophile groups 
of the immune bodies do not in general possess the great importance 
which we must ascribe to the eytophile groups. In order to obtain 
the greatest therapeutic effect from the immune bodies, their com- 
plementophile groups and the provision of suitable complements 
cannot, of course, he neglected. In this connection Donitz (Klin. 
Jahrbuch, 1897) first pointed out the importance, in the therapy of 
infectious diseases, of finding sufficient sources of complements. 
The conditions determining this have been more closely defined by 
Ehrlich in his Croonian Lecture 1 of March 22, 1900, as can he seen 
from the following extract: 

“Dr. Neisser at the Steglitz Institute sought to find an explana¬ 
tion of Sobernheim’s experiments. He was able to determine that 
anthrax serum failed in mice even if large quantities of fresh sheep- 
serum (i.e., containing an excess of ‘ complement ’) were introduced 
at the same time. The failure in this case appears to he due, on 
the one hand, to the destruction, in the body of the mouse, of the 
‘ complement 5 present in tlie sheep serum, and, on the other hand, 
to the fact that the *immune body’ yielded by the sheep does not 
find in the mouse an appropriate new ‘complement/ 

“Prom this it appears that in the therapeutic application of 
antibacterial sera to man, therapeutic success is only to be attained 
if we use either a bacteriolysin with a ‘complement* which is stable 
in man ( homostabUe complement ), or at least a bacteriolysin the 
immune body of which finds in human serum an appropriate ‘com¬ 
plement/ The latter condition will be the more readily fulfilled 
the nearer the species employed in the immunization process is to 
man. Perhaps the failure which has as yet attended the employ¬ 
ment of typhoid and cholera serum will be converted into success 
if the serum be derived from apes and not taken from species so 
distantly removed from man as the horse, goat, or dog. However 
this may he, the question of the provision of the appropriate ‘ com¬ 
plement * will come more and more into the foreground, for it really 
represents the center round which the practical advancement of 
the bacterial immunity must turn. ” 

In view of the fact that every normal serum contains a great 
many complements, of which a larger or smaller part fits the most 
varied immune bodies, the need of artificially supplying complements 


1 Proceedings of the Loyal Society, Tol. 66. 
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would seem to Indicate that our therapeutic efforts be directed primarily 
to aeiiimj th grt ait at pndaction of the organ ism's own complements^ 
The production of these complements can surely be increased by 
means of artificial procedures; and this is borne out by a few experi¬ 
ences in this direction. Thus Xoif, by injecting certain foreign sera, 
and P. Muller, by injecting j>epton, have succeeded, in animal experi¬ 
ments. in increasing the production of complement. This increase 
may f>erhaps l>e referable to a hy perleucocytosis in accordance with, 
the views held by Metehnikoff and Buchner. We are certain that 
at least the complements orginally ptculiar to the organism will be able 
to act when fitting complementophile groups present themselves; this 
need not necessarily be the case, however, when foreign complements 
are introduced. In this question it is of no consequence whether* 
the absence of complement action is due to destruction, to com¬ 
plement oid formation, or to a combination in the organism such 
as has been demonstrated by the ready binding of anticomple¬ 
ments. 2 The question raised by Donitz, relative to the provision, 
of really plentiful sources of complement, has not thus far been, 
solved. It still remains, to be seen whether the interesting in¬ 
vestigations of Wassermann 3 on the completion of typhoid im¬ 
mune bodies with ox serum will lead to results which can be 
practically utilized. The amount of complement contained in. 
the serum of the larger laboratory animals is not, as a rule, great 
enough to make the employment of these sera applicable for human, 
therapeutic purposes. Wassermann, for example, found that with, 
a method of procedure which excluded the above-mentioned diminu¬ 
tion of complements (since he injected bacteria, immune body, and. 
complement mixed together into the peritoneal cavity) it required. 

4 cc. ox serum to achieve curative results. This amount of serum, 
in itself causes severe injury to the animals experimented upon. 

Suck being the case, it seems that in the matter of supplying coin- 
plmmis , the method sugge,stei by us f namely, the employment of 

1 la his recent study {Zeitwhiift fur Hygiene, Xo. 37} Wasserxtiann. also 
i»ys great stress on the increase of the individuals own complements. We 
were especially gratified to see that In regard to the multiplicity of the comple¬ 
ments Wassen&aaji accepts our view completely. 

1 TW# is also supported by certain experizxug&ts of von Dungern (Miinclx 
meclifin. ocbesichnft) ©onc^ning the binding of complement hy certain cells 
tit «tm 

* Beetscbe mdfaiaamfos Wochensehrift, 1900, JCo. IS, 
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mixed sera which contain a great many different immune bodies would 
prove the most effective; for with the multiplicity of the immune bodies 
an increase of the different complementophile groups also takes place, 
and thus the probability increases that the normal complements present, 
especially those in the human organism, can come into action most effec¬ 
tively. 


IX. COXCERXIXG THE MODE OE ACTION OF BACTERI¬ 
CIDAL SERA . 1 

By Max Neisser, Member of the Institute, and Dr. Frederick Wechsberg*. 

Ora experiences with diphtheria curative serum have taught us 
that in antitoxin the employment of a high dose of antitoxin is of 
primary importance. It is immaterial whether an excess of antitoxin 
is administered, since it may be regarded as certain that an excess 
does no harm and can on the contrary only be of benefit. 

Concerning the action of bactericidal sera, however, the litera¬ 
ture contains a number of examples which indicate that here an excess 
of immune serum is occasionally injurious. Thus several high, 
authorities have published protocols of therapeutic experiments ora 
animals which seem to contain paradoxical results; for with the same 
infection and varying amounts of immune serum not only those 
animals died which had received the smallest amounts of serum but 
also those which had received the largest amounts. Only those 
animals were protected which received doses of immune serum lying 
between these extremes. Such a protocol, for example, was published 
by Loftier and Abel 2 on their experiments with bacillus coli and a* 
corresponding immune serum. Out of nineteen guinea-pigs which 
had been inoculated with the same amount of culture ( 1 /i 0 loop) 
and had received varying amounts of the immune serum, only six 
animals were protected, those which had received doses of 0.25 to 
0.02 ce. Eight animals with larger doses as well as five with smaller 
doses of serum died. 

A similar protocol is that of It. Pfeiffer , 3 which states that of four 
guinea-pip treated with virulent cholera and a corresponding im¬ 
mune serum only the two animals receiving the medium doses 

survived. 

1 the Minch, mod. Wochensehr., 1901, No. 18. 

1 F, L#fil«r and E. Abel, Centralbl. f. Baet, 1896, Tol. 19, page 51. 

1 J9L Pfeiffer, Zaitadar. i Hygiene, 1895 , Vol. a), page 215. 
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The same phenomenon was noticed by Leclainehe and Morel 1 
in their work on the bacillus of malignant oedema, and these authors 
had similar experiences with erysipelas of swine and with sympto¬ 
matic anthrax. As a result of this they concluded that there was 
a “ dotis optima neutralisans ” of the immune serum. 

Since we encountered the same phenomenon in bactericidal 
test-tube experiments it seemed advisable to undertake a study of 
these occurrences, especially because the question seemed to offer 
points of vantage important both theoretically and practically. 
None of the authors above mentioned has furnished an adequate 
explanation of the phenomenon. 

In our experiments the bactericidal action was determined in two 
w^ys, namely, with the aid of the bioscopic method previously 
described by us, 2 and by means of plate countings. The methods 
gave identical results even in parallel series. In order, therefore, 
to facilitate looking over the results we shall here give only the 
results obtained by the counting method. 

The method of procedure was generally as follows: Vsooo ec. of a 
one-day bouillon culture of the bacterium in question w T as put into 
each of a series of test-tubes. To this were added varying amounts 
of immune serum inactivated at 56° C. and equal amounts of the 
complementing active serum; or in another series, equal amounts 
of immune serum and varying amounts of the complementing serum. 
It was so arranged that all the tubes contained equal emounts of 
fluid, usually 2.5 cc. Dilutions were made with 0.85% salt solution. 
Furthermore three drops of bouillon were added to each tube, for 
we had convinced ourselves that this assured a good growth in the 
control tubes. Numerous control tests were necessary nevertheless, 
even if only to test the sterility of the sera employed. The specimens 
were kept at 37° C. for three hours and then plated on agar, using 
five drops from pipettes of uniform size for each plate. The results 
were noted by comparison and estimation, somewhat after the 
following scheme: 0, isolated, hundreds, thousands, infinite number. 

Omitting the very extensive preliminary tests the following 
example is given to show the phenomenon studied by us. The 
immune serum employed was obtained from a rabbit by treatment 


1 Leclainehe and Morel, La S&*oth4rapie de la septieemie gangrenense, AnnaL 
de lTnst. Pasteur, 1901, No. 1. 

2 Munch, med. "Wochenschr., 1900, No. 37. 
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witii vibrio MetehiiikofL This serum was inactivated by heating 

to 57° C for half an hour, formal active rabbit serum served as 
complement. 



This experiment shows that the inactive immune serum alone 
is innocuous to vibrio Metchnikoff (Control II); also that 0.3 ce. of 
the active normal rabbit serum alone is innocuous. However when, 
for example, 0.01 cc. immune serum is mixed with 0.3 cc. normal 
active rabbit serum, the many thousand germs inoculated are killed. 
In the same way 0.005 cc. immune serum plus 0.3 cc. normal active 
rabbit serum also causes the death of all the organisms. With, 
smaller amounts of immune serum (but with the same amount of 
the complementing serum as before) the destruction of the germs is 
incomplete, while with still smaller amounts there is no destruction 
whatever. But the destructive effect also becomes less when more tham 
<0.01 cc. immune serum h ward, so that with 0.5 cc. immune serum 
no destructive at all e&n be observed. Hence if we had tested only 
the mixture of 0.5 ec. of this immune serum plus €.3 cc. normal 
active rabbit serum we should certainly not have supposed fchafe 
we were dealing with a powerful immune serum. That this action 
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is due only to the serum’s content of immune body is shown by the 
following experiment in which inactive immune serum is compared 
with inactive normal serum of the same species, both sera being 
•complemented with active normal serum. 


TABLE II. 


Amount of Culture. 

Amount of 
the Com¬ 
plementing 
Normal, 
Active 
Rabbit - 
• serum, 
cc. 

Number of Colonies on a Plate on the Addition 
of Serum, from a Rabbit Immunised 
against Vibrio Metchnikoff, the Serum 
having been Inactivated. 


— 

1.0 ec. 

i ec. 

A CC. 

cc. 

cc. of a one-day bouil¬ 

f 10 ~ 

oo 

oo 

a few 

0 

6 

lon culture of vibrio 
Metchnikoff. 

i 

1 i 
l __ 

00 

oo 

many 

thousands 

0 

0 



00 

oc 

oo 

oo 


Amount of Culture. 

Amount of 
Normal 
Active 
Rabbit- 
serum, 
ce. 

: Number of Colonies on a Plate on the Addition 
j of Inactive Normal Rabbit-serum. 

1 cc. 

B 

cc. 

&CC. 

roV-g cc. of a one-day bouil¬ 

r l.o 

Oo 

SB 

oo 

oo 

lon culture of vibrio 

] i 

00 


oo 

oo 

Metchnikoff. 

L - 

oo 

oo 

oo 

oo 


Control I. wfav cc. bouillon culture+2 cc. 0 .85% salt sol -h3 drops of 

bouillon, planted as above, result oo. 

‘* II. Sterility of the immune serum, 0. 

“ III. “ “ t( inactive normal rabbit-serum, C. 

{i IV. lt tc active normal rabbit-serum, 0. 

All the tubes made up to equal volumes with 0.85% salt solution, then 
placed into a thermostat at 37° C. for three hours. Finally, fire drops of each 
specimen plated on agar. 


This experiment, too, shows that Vie cc. immune serum plus 
1 cc. or V? ec. normal active rabbit serum kills the germs completely; 
while larger doses of the immune serum are less effective. The addi¬ 
tion of normal inactive rabbit serum has no effect. 

The same phenomenon can be demonstrated in another man¬ 
ner. For the complementing serum any active serum Is used which* 
by itself already possesses a slight destructive action. If to such a 
serum varying amounts of an inactive immune serum are added, 
it will at times be found that small quantities of the latter increase 
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the action of the normal active serum, while somewhat larger quan¬ 
tities weaken the action. Still larger quantities may inhibit the 
action completely. 

In the following experiment an immune serum was employed 
which had been obtained by immunizing a goat with vibrio Nerd - 
hajen. This serum was inactivated by heating it to 57° C. Normal 
active goat serum served as complement. (See Table III.) 

The first column shows that normal active goat serum by itself 
kills bacteria, even in doses of about 0.1 cc. The fourth and fifth 
columns show that this bacteriolytic effect of the normal active goat- 
serum is in no way affected by the addition of 1.0 ec. or 0.1 cc. in¬ 
active normal goat serum. From the third column we see, how T ever, 
that if we add to the normal active goat-serum 0.1 cc. inactive im¬ 
mune serum, the bacteriolytic effect of the former is lowered , and 
that it is almost neutralized when 1.0 cc. of the inactive immune 
serum is added. (Column 2.) 

TABLE III. 


Amount of i 

Culture. 

Amount 
of Com¬ 
plement¬ 
ing Nor¬ 
mal Active 
Goat 
Seram, 
ec. 

1 

2 

3 

4 

5 

Number of Colonies on a Plate on. Addition of 

1 Inactive Goat Immune Serum against 

Vibrio Nordhafen. 1 

! 1 

Number of Colonies 
on a Plate on 
Addition of Inac¬ 
tive Normal 
Goat Serum. 

i 

1.0 cc. 

0.1 cc. 

1.0 cc. 

0.1 cc. 

oe. of a 


f 1.0 

0 

about 50 

0 

0 

0 

one-day 


0.5 

0 

many hundreds i 

0 

0 

0 

bouillon 


0.25 

0 

00 

0 

0 

0 

culture 


0.1 

0 

00 

several hundred 

0 

0 

of vibrio 


0.05 

about 50 

00 

oo 

about 10 

a few 

Nord- 


0.025 

00 

00 

oo 

oo 

00 

hafen. 


~ 

~ 

00 

00 

oo 

00 


Control I. ill ec. bouillon cultured-2 cc. 0.85% salt solution -+ 3 drops 
bouillon »oo. 

** 1L Sterility of the inactive immune serum, 0. 

l * IH. ** £t t£ 4i normal goat serum, 0. 

** IT. “ “ ** active normal goat serum, 0. 

Thro® drops of bouillon to each tube. 

lH the tubes made up to equal volumes with 0.85 % salt solution. 

Kept in the thermostat at 37® €. for three hours. 

JlaiQy, two drop of each specimen plated on agar. 
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The same phenomenon is shown by the following protocol; 


TABLE IV. 


Amount 

of 

Amount of 
the Comple¬ 
menting 
Active 

Number of Colonies on a Plate on the Addition of Inactive 
Goat Immune Serum directed against Vibrio Nordhafen. 

Culture. 

Guinea-pig 

Serum. 

cc. 

— 

1.0 cc. 

0.1 cc. 

0.01 cc. 

ifo cc. of a 
one-day 
bouillon 
culture 
of vibrio 
Nord- 
hafen. 

r 1.0 

0.5 

0.25 

0.1 

0.05 

0.025 

0 

0 

a few* 

several thou- 
. sand 

oo 

oo 

many thou¬ 
sands 
almost oo 

00 

00 

00 

00 

00 

a few 

i 

about 100 

several hun¬ 
dred 

oo 

oo 

oo 

oo 

i 

0 

0 

a few 

about 100 

many bun** 
dred 
oo 

oo 


Amount of Culture. 

Amount of 
the Comple¬ 
menting 
Active Nor¬ 
mal Guinea- 
pig Serum, 
cc. 

ISTumber of Colonies on a plate on the Addition of 
Inactive NormcU Goat Serum. 

1.0 cc. 

0.1 cc. 

0.01 cc. 

cc. of a one- 
day bouillon 
culture of vibrio 
Kordhafen 


r 1.0 I 

0.5 

0.25 

€.1 

€.05 

0.025 

0 

about 100 

a few hundred 

oo 

oo 

oo 

oo 

0 

0 

a few 

a few hundred 
oo ! 

00 

00 

0 

0 

a few 

several thous. 

00 

oo 

oo 


Control I. cc. bouillon culture + 2 ec. 0.85% salt solution-f 3 drops 
bouillon. Result, oo. 

41 II. Sterility of the goat immune serum, 0. 

41 III. “ “ 14 normal goat serum, 0. 

41 IV. “ “ “ ‘ 1 guinea-pig serum, 0. Three drops of 

bouillon to each tube. 

All the tubes made up to an equal volume with 0.85% salt solution. 

Kept in the thermostat at 37° C. for three hours. Finally, two drops of 
each plated on agar. 

We succeeded in obtaining similar results in such experiments 
with the following combinations: 1 


1 We should like to call attention to a case which we encountered a number 
of times. We found that an immune serum obtained from a goat could be 
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Typhoid *+• inactive immune serum (dog) 4-normal active guinea-pig serum. 

Vibrio Nordhafen 4 inactive immune serum (rabbit) -f normal active horse 

serum; 

«( *( n a “ 11 + normal active goat 

a *t tt *< te a serum; 

a u a a t* ‘ 1 -fnormal active sheep 

serum; 

tt it tt n te a -f normal active guinea- 

pig serum. 

In order to meet the objection that the agglutinins may possibly 
have interfered in the experiments we have devised the following 
met hod of demonstrating the phenomenon in question: 

Typhoid bacilli were subjected for one hour at 37° C to the action 
of inactive immune serum derived from a dog. As we know from the 
haemolytic experiments of Ehrlich and Morgenroth, this results in 
anchoring the interbody present in the immune serum to the bacteria. 
The mixture was then centrifuged and the fluid poured off. After care¬ 
fully shaking the sediment with a little fluid it was divided into two 
equal parts, to one of which inactive immune serum (dog) was added, 
while the other received some normal inactive dog-serum. Finally 
there was added to both portions the same amount of a complement¬ 
ing serum (normal active guinea-pig serum) which by itself was able 
to kill the bacteria. At the end of three hours plate cultures were 
made in the usual manner. The results showed that no destruction 
had occurred in the tube containing the excess of immune serum, 
whereas the culture in the other tube had been killed. 

reactivated for Vibrio Nordhafen by a complement derived from rabbits. In 
this combination we again observed the phenomenon of deflection of com¬ 
plement by an excess of immune body. But even normal inactivated goat 
serum (which contains Interbody) when used in exactly the same amounts 
manifwted deflection of complement. Since no quantitative difference could 
be discovered between the immune strum and the normal serum, we assume 
that in this case the deflection of complement has been effected by a substance 
in normal goat serum, as, for instance, another interbody of special affinity 
or perhaps & normal anticomplement. Not every complement can be used 
to reactivate a serum, for the complement may be deflected from the place of 
its intended action by any interbody, provided merely that this possesses 
sufficient affinity for the complement. It will be necessary to seek experi¬ 
mentally for combinations in which such disturbing deflections are absent and 
in which the difference in the affinity of the interbody which may be normally 
present and of that produced artificially in large quantities becomes very mam- 
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All these experiments shove that the effect produced by a given amount 
of complementing serum, just sufficient to reactivate a definite quantity 
of inactive immune serum, was diminished when large amounts of 
immune serum were employed. In like manner it was possible to in¬ 
hibit the activity of a normal serum which was bactericidal by itself, 
by the addition of large amounts of the immune serum. 

It seems to us that an explanation of these important phenomena 
is possible only on the basis of the newer views of Ehrlich and Mor- 
genroth. From the work of these authors on hemolysins and from 
our own bacteriolytic experiments we know' that the immune serum 
contains a thermostable interbody (amboceptor) which while itself 
inactive renders the complement effective hy linking itself, on the 
one hand, to the bacterium or erythrocyte to be dissolved, and on the 
other to the complement. The complements, as is well known, are 
thermolabile and are contained in normal sera. But the interbody 
may also be normally present in a serum. This follow's from the 
side-chain theory, and has already been emphasized. 1 An instance 
of this is shown in Table IV. The normal active guinea-pig serum 
contained complement and interbody. But besides this it contained 
additional complement, which became manifest wdien more inter¬ 
body, in the form of Inactive immune serum, was added. In example 
II it was impossible to demonstrate an interbody in the normal 
serum, for this by itself did not kill the bacteria even though inactive 
normal serum was added. It did T however, contain complement^ 
and this became manifest when inactive immune serum w'as added. 
These phenomena are exactly like those observed with haemolysins 
which have recently been so carefully studied. This one phenomenon, 
however, of the ineffectiveness of large doses of Immune serum has 
not thus far been encountered in haemolysins. This is apparently 
due to differences in the affinities of the interbodies, as we shall pres¬ 
ently show. 

In Fig. 1, on the next page, A II represents schematically a bac¬ 
terium a with a number of receptors; for there are many reasons 
why we should assume that each bacterium possesses a number of 
receptors of the same kind. According to the side-chain theory, 
if we inject this bacterium into an animal an overproduction of the 
corresponding group will occur, resulting in a serum which is rich 
in body b. This body b, however, is not able by itself to injure the 


1 Deutsche med. Wochenschr., 1900, No. 49. 
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bacteria, and a bacterium all of whose receptors are laden with 
b need not at all be injured in its vitality. Body b normally possesses 
a peculiar function, namely, to serve as a coupling member or link, 
and hence it possesses two groups (amboceptor). In this particular 
case one of these groups fits the receptor of the bacterium, the other 
possesses a peculiar relation to those normal ferment-like constitu¬ 
ents of sera which Ehrlich has termed complements. When there¬ 
fore to a normal serum which contains suitable complement we 
add equivalent amounts of immune serum, the condition pictured 
in AI will result. On adding the corresponding bacterium to this 
we get the condition shown in A II, in which all the bacterial receptors 
are occupied with immune bodies, or, more accurately, with immune 
bodies which on their part are loaded with bacteriolytic comple¬ 
ment c. In the case here presented we shall say that it requires 
the occupation of all the receptors with complemented interbodies 
to cause the death of the bacterium. 

If now to an equivalent mixture of complement and interbody 
we add an excess of interbody, it will be possible for only a part 
of the interbody to he loaded with complement, leaving a portion 
of the interbody uncomplemented. On adding the corresponding 
bacteria a number of conditions may result; the affinity of the inter¬ 
body for the bacterial receptor may, as a result of the loading with 
complement, (1) remain unchanged, (2) it may thereby be increased, 
or (3) be diminished. 

In the figure, B II shows the condition of increased affinity. 
Of the six interbodies only those combine with the bacterium which 
have become laden with complement. In this case therefore the 
excess of interbodies will have no influence on the bactericidal effect. 
The condition is really the same as A II, except that free interbody 
is also present. 

CII shows the condition of unchanged affinity. In this case, 
if we add the bacterium to the mixture of complement and excess 
of interbody, all the receptors of the bacterium will, to be sure, be 
occupied by interbodies, but this will be entirely without any regard 
to the fact that these interbodies are or are not loaded with com¬ 
plement. It may therefore happen that only a few of the bacterial 
receptors will be occupied by complemented (i.e. active) interbodies, 
while the rest of the bacterial receptors are occupied by uncom¬ 
plemented (hence inactive) interbodies. As already mentioned, 
however, the vitality of such a bacterium is not necessarily destroyed. 
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DII represents the last conceivable case. It is assumed that 
the u completion ,y of the interbody has resulted in a diminution 
of the latter s affinity for the bacterial receptor. In this case pri¬ 
marily only the uncomplemented interbodies will combine with 
the bacterial receptors, while the free fluid will contain complemented 
interbodies. 

In cases Cll and DII, therefore, the excess of interbody is not 
without important results; for whereas in mixtures of equivalent 
amounts of complement and interbody all the interbodies are com¬ 
plemented and so made active, the excess of interbody will exert 
a deflecting action on the complements in case CII as well as in D II r 
thus diminishing the end results. 

The conditions shown in B II are apparently those which apply 
to the hmmolysins, for extensive investigations in this direction by 
Ehrlich and Morgenroth, concerning which we are permitted to 
report, have shown that deflection of complement by an excess of 
interbody is not observed in haemolysis. In this case only the 
complemented interbodies seem primarily to be anchored by the 
receptors of the erythrocytes. 

In the bactericidal sera investigated by us, however, the deflec¬ 
tion of complement shown in CII and DII is observed, though 
of course we are as yet unable to say which of the two possible modes 
is present in any particular case. The same explanation which 
we have given for the phenomenon observed in 'vitro must also be 
held to apply to the experiments on animals, at least so far as the 
phenomenon above described was observed. It is perfectly obvious, 
that when appropriate affinities of the interbody exist and when 
there is a marked disproportion between complement and inter¬ 
body, a deflection of complement by the excess of interbody can 
occur la the animal body. 

The phenomenon of deflection as described may perhaps present 
further points for study. We know that immunization causes an 
increase only of the interbody and that therefore every immune 
serum presents a deficiency of complement in comparison to inter¬ 
body. Hence it is conceivable in a highly immune animal, i.e. one 
in which through immunization a great increase of interbody has 
occurred, that after infection the phenomenon of complement deflec¬ 
tion through the excess of immune body could occur. That it actu¬ 
ally does occur we conclude from the following statement by 3L. 
Pfeiffer: 
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“ It has frequently happened to me that highly immunized guinea- 
pigs died after an injection of moderate amounts of virus. On 
section there were then found in the peritoneum living vibrios, some¬ 
times even in considerable numbers. Notwithstanding this the 
heart blood of the cadaver when introduced into new guinea-pigs 
manifested the strongest power to dissolve vibrios. 

It is therefore conceivable that an individual can lose its natural 
resistance by producing too large an amount of interbody in pro¬ 
portion to the amount of its complement. Such an excess of inter¬ 
body then would act injuriously rather than helpfully. 

This phenomenon is also of some theoretical significance. While 
it can readily he explained by means of the views of Ehrlich and 
Morgenroth, it appears, to us at least, to be absolutely irreconcilable 
with the theory of Bordet. This author, as is well known, regards 
Ehrlich’s interbody as a substance capable of sensitizing the bac¬ 
teria whereby they are made vulnerable to the action of the solvent 
u alexin” (Ehrlich’s complement). If this were the case it would 
be absolutely incomprehensible how an excess of sensitizing sub¬ 
stance could diminish the total effect; at the most such an excess 
could only increase the sensitizing action, not decrease it. Since, 
however, we have actually observed this decrease very frequently, 
we must regard this as a weighty objection to Bordet’s theory. 

Equally incomprehensible from Bordet’s standpoint is the fol¬ 
lowing observation. As has been shown above it is possible to over¬ 
come the action of an equivalent mixture of interbody and com¬ 
plement (the mixture itself being fatal) by adding a large excess 
of interbody to it. When, however, through the addition of more 
complement the equivalence of the mixture is again restored, the 
action returns. This action therefore depends not only on the abso¬ 
lute amounts of complement and interbody, but also and essentially 
on the proportion in which these two substances are present. This 
is true at least in the sense that not very much more interbody 
should be present than is required. 





X. THE DEFLECTION OF COMPLEMENTS IN BACTERI¬ 
CIDAL TEST-TUBE EXPERIMENTS . 1 

By Dr. A. Lipstein, Assistant in the Bacteriological Division. 

In a study published in 1901, 2 Neisser and Wechsberg described 
a peculiar phenomenon occurring in bactericidal test-tube experi¬ 
ments. This phenomenon consisted in the fact that the bacteria 
were not killed despite the presence of the appropriate bacterial 
amboceptor (immune body) and complements when a compara¬ 
tively large excess of amboceptor was present. This fact, for which 
all other explanations failed, was explained by the authors on the 
basis of Ehrlich and Morgenroth’s views. They assumed that, with 
certain conditions of affinity, an excess of amboceptors exerts a 
deflecting and at the same time a diluting action on the complement; 
as a result the complement does not combine with the amboceptors 
anchored to the bacteria, but with the superfluous free amboceptors, 
while the amboceptors which are anchored to the cells remain without 
any complement. Now since only those complements exert a bac¬ 
tericidal action which are anchored to the bacteria by means of the 
amboceptors, it follows that in this case there will be no bactericidal 
action. Naturally this phenomenon of deflection of complement 
does not occur with every combination of amboceptor and comple¬ 
ment, but only when certain conditions of affinity are present. Later 
I shall be able to show how the same amboceptor in excess exerts a 
deflecting action on one complement while it fails to do so on two 
other complements. Because of the theoretical importance of this 
phenomenon and its explanation, a continuation of the experiments 
of Nelsser and Wechsberg, taking special cognizance of the objections 
since made, seemed desirable. 


1 Beprliited from Ce&tralbla&t fur Baet., VoL XXXI, Xo. 10, 1902. 

2 See pafe 120 of this volume; also Wechsberg, Zeiischr. t Hygiene, Yol 
1902. 
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la the following experiments the method is the same as that of 
the above authors, to whose work I refer for these details. The 
phenomenon of the deflection of complement can be exhibited in 
two ways: First by employing as a source of complement an active, 
in itself not bactericidal serum and showing that when decreasing 
amounts of inactive immune serum are added, only the medium 
amounts of the same exert a bactericidal effect, whereas both the 
larger and the smaller amounts are ineffective. The results shown 
in Table I will serve as an example of this. 

TABLE L 1 

Amount Number of Colonies on a Plate on the Addition of 
of the Inactive Chicken Immune Serum Directed against 

* , , ^ u Comple- Vibrio Metchnikoff. 

Amount of Culture. men ting __ 

Active I 

Pigeon 1.0 0.3 0.1 0.03 0.01 0.003 0.001 0.0003 

Serum. cc. cc. cc. cc. cc. cc. cc. cc. 

•bIc cc. of a one-day] 20 many 

bouillon culture offO.4 oo oc oo to 0 0 0 thou- 

vibrio Metchnikoff J 30 sand 

Control I. cc * bouillon culture+2 cc. 0.85% salt solution. Result, oo. 
“ II. 0.4 cc. active pigeon serum 4-*-^ cc. bouillon culture. Result, oo 
“ III. Sterility of all the sera, 0. 

The second method consists in employing a serum or serum mix¬ 
ture which will kill the amount of bacteria employed. By adding 
to this decreasing amounts of inactive immune serum (or, as a con¬ 
trol, inactive normal serum) it is found that the immune serum, 
in proportion to the amount added, exerts an aMibactenddal effect, 
whereas the normal serum fails entirely to do this or does so in a 
very much less degree. This is illustrated by the results In Tables 
III and IV, columns I and 2. 

In opposition to the explanation furnished by Nasser and 
Wechsberg, according to which the deflection of complements is 
caused by an excess of amboceptors, the following points have been 
raised: 

A. The phenomenon is due to agglutination of the bacterial 

culture; 

B. It is due to normal anticomplements (Metchnikoff). 

1 Each tube also receives three drops of bullion as in Neisser and *Wedbs- 
berg’s exepriments. This applies also to the rest of our experiments. 
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C. It is due to anticomplements which arise during the imrmtr 

nizing proass (Gruber). 

I shall critically examine each of these objections beginning 
with the first. 

A.. Is the Deflection of Complements in any way Connected wifcli 

Agglutination ? 

This very natural objection, namely that each immune serum 
agglutinates the corresponding bacteria and that it is this mechanical 
effect of clumping which causes the bactericidal power of the immune 
serum to fail, Neisser and Vechsberg sought to overcome by the 
following method of procedure. They first agglutinated the bacteria, 
which were to be used in the cultures, and then studied the effect 
that a normal and an immune serum exerted on these, with the 
result that a detection of complement was obtained only with the 
immune serum. The following experiment also shows that the 
agglutinating action of an immune serum is in no way the cause 
of the deflection of complement; for in it I succeed in showing 
that an immune serum which agglutinates strongly is nevertheless 
unable to exert any deflecting action on the complements. 

In this experiment two immune sera acting against vibrio 
Metchnikoff are employed, namely, that of a goose (A) and that 
of a goat (B). Both sera strongly agglutinate vibrio Metchnikoff, 
i.e., even in a dilution of 1:1000. The method of procedure is suelh. 
that decreasing amounts of the inactive sera were reactivated witti 
rabbit serum (column 1) and with pigeon serum (column 2). Now 
while the immune serum of the goat (B) shows a typical picture of 
deflection of complement, the immune serum of the goose (A), whoso 
bactericidal power is just as strong as that of the goat serum, is 
unable despite this large content of amboceptor to deflect the com.- 
plement. This proves that the agglutinating action and that of 
complement deflection are two properties of one and the same immune 
serum, which may exist side by side, but that agglutination in no 
way causes deflection of complement. 

According to our view the reason why the surplus amboceptor 
of the goose immune serum Mb in our experiment to bring about a 
deflection of complement is because there is not sufficiint affinity 
between the complements of pigeon and rabbit serum on the one 
hand and the free amboceptor of the immune serum on the other* 
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By varying the experiment I have succeeded with this same immune 
serum in producing this phenomenon of deflection on another comple¬ 
ment, thus furnishing evidence of the correctness of these views. 
The source of this complement was an active normal goat serum 
which in itself was bactericidal for the amount of organisms em¬ 
ployed in the culture. (See Control II.) This experiment is other¬ 
wise similar to the preceding, except that as additional control tests 
the corresponding normal sera have been subjected to examination 
respecting their deflecting power. 

TABLE II. 

A. 


Amount of Culture. 

Amount of In¬ 
active Goose 
Immune Serum 
Directed 
against Vibrio 
Metctinikoff. 
cc. 

Number of Colonies on a Plate 
after Completion with 

0.3 cc. Active 
Normal Rabbit 
Serum. 

0.4 cc. Active 
Normal Pigeon 
Serum. 

cc. of a one-day bouillon culture 
of vibrio MetcJmikoff.... 

i 

1.0 

0.3 

0.1 

0.03 
. 0.01 
0.003 
0.001 

0 

0 

0 

0 

10 

many thous’d 
oo 

0 

0 

0 

0 

0 

100 

oo 

B. 

Amount of Culture. 

Amount of 

Inactive Goat 
Immune Serum 
against Vibrio 
Metehnikoff. 
cc. 

Number of 
Colonies on & 
Plate on Com¬ 
pletion with 
0.3 cc. Active 
Normal Rabbit 
Seram. 

cc, of a oneway bouillon culture of vibrio _ 
Metchnikoff. 

1.0 

0.3 

0.1 

0.03 

o.oi ! 

0.003 

0.001 

0.0003 

00 

oo 

0 

0 

0 

0 

0 

oo 


Control I. cc. bouillon culture -t- 2 cc. €.85% salt solution = oo„ 

tc II. Normal active rabbit-serum 0.3 ce - bouillon culture—oo. 
tc III. 0.4 cc. active pigeon-serum -f ^ cc. bouillon culture=oo. 
te IV. Sterility* of all the sera, 0. 
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TABLE HI. 


Amount of Culture. 

1 i 

i 

2 

3 

4 

'Amount ofi 
the Active 

Normal 
Goat ; 

Serum. ; 
in itself , 
B&cteri- i 

cidal. 

cc. 

Amount 

of the 

i Inactive 1 
; Immune 

| and 

Normal 
Sera. 

! 

cc. 

Number of Colonies on a Plate on the Addition 
of the Inactive Sera here mentioned. 

Goat 
Immune 
Serum 
against 
Vibrio 
j Metchnikoff 

Normal 

Goat 

Serum. 

1 

Goose ! 
Immune j 
Serum 
against 
Vibrio 
Metchnikoff 

Normal 

Goose 

Serum.. 

yju cc. of a one- 1 
clay bouillonj ^ 

culture of vibrio. 1 
Metchnikoff l ; 

' 0.04 

1.0 

0.3 

o.i : 
0.03 ! 

0.01 j 

i 

oo IsevT h’n’d 

QC 0 

sevT h ? iTd 0 

0 j 0 

0 J 0 i 

00 

oc 

00 

sev’l h’lTd 

0 

100 

0 

0 

0 

0 


Control I. jlj; cc. bouillon culture+ 2 cc. O.&bVc salt solution = oo . 

tl II. Normal active goat-serum 0.04 cc. cc. bouillon culture — 0- 
ei III. Sterility of all the sera=0. 


The principal difference in this as compared with the former 
experiment is that the goose immune serum deflects the comple¬ 
ment even more strongly than does the goat immune serum. 

Thus the objection that the deflection of complements is due to 
agglutination has been refuted by these experiments also. The 
behavior of the normal sera employed as controls, whose antibac- 
tericidal power even in amounts of 1.0 cc. is very slight, will be spoken 
of in the next section. 

B. Is the Deflection of Complements due to Normal 
Anticomplements ? 

The deflection of complements under discussion has been, ascribed 
by Metchnikoff 1 to anticytases normally present. This objection 
falls to the ground if it can be shown that the specific immune serum 
exhibits a constant and distinct difference in comparison to other 
immune sera or to various normal sera. It is entirely immaterial 
if the normal sera also show this phenomenon to a slight degree 
e.g. Table III, columns 2 and 4. An adequate explanation of this 
has already been furnished by Neisser and Wechsberg, who were also 
the first to describe normal anticomplements. Just this quaniir 
h&tim difference between immune serum and normal serum is ono 


L’lmmunit^ dans les Maladies iufeetieuses, page 513. 
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of the postulates of Ehrlich's theory, and it is this quantitative 
difference which constitutes the essential point in the deflection of 
complements described. 

The following table includes ten different goat sera, among them 
three bactericidal immune sera (columns 2, 3, 4), one antitoxic serum 
(column 5), four haemolytic immune sera (columns 6, 7, 8, 9), and 
one anti complement serum directed against the complements of 
horse serum (column 10). All of these have been tested as to their 
complement-deflecting power against vibrio Metchnikoff. 

The experiment has been slightly modified from the former, 
for in this I made use of a mixture of 0.1 cc. active guinea-pig serum 
(in itself not bactericidal, Control II) plus 0.01 cc. inactive goat 
immune serum (against vibrio Metchnikoff). This mixture completely 
killed the amount of bacterial culture used, namely, I¥ 1 5FF cc. of a 
one-day bouillon culture of vibrio Metchnikoff (see Control II). De¬ 
creasing amounts of various inactive goat sera were added to this, 
as is shown in columns 1 to 10. 

According to this, the Metchnikoff immune serum exerts a specific 
action, and it is certainly too hazardous to assume that the Metchni¬ 
koff goat used by us happened to possess an unusually large amount 
of normal anti complement. Furthermore, it is possible, as I shall 
show later, to furnish positive proof that the deflection of complement 
is caused, not by the anticomplements, but by the amboceptors; 
for by removing the amboceptors it is possible to prevent the deflec¬ 
tion. The following experiment furnishes still further evidence 
against Metchnikoff ? s view: I examined the serum of a rabbit before 
and after Immunization with vibrio Ifetchnikoff and found that the 
normal serum was entirely Inactive, whereas after eight days the 
immune serum of this animal caused strong deflection. In these 
eases, therefore, It will not do to ascribe the deflection of complements 
to a normal anticomplement. That normal anti complements do 
occur and that they may at times simulate the phenomenon above 
described is, of course, possible and has already been emphasized 
by Neisser and Wechsberg. In such cases suitable control tests, 
above all the absorption method described in the next section, will 
guard against errors. From all this it follows that the phenomenon 
of complement deflection which can be observed in suitable cases is 
not to be ascribed to the presence of a normal constituent but to one 
produced by immunization. 
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Amount of 
Culture. 


| Amount of the Bacteri- 
i cidal Seram Mixture. 


Amount 
of the 

Inacti¬ 

vated 

Goat 

Serum. 


ce of a one- J 0.1 ec. active normal j f j ^ 


dav botiilion ! 
culture o f ; 
vibrio Meteli-! 

nikoff j 


guinea - pig serum I q «> 
plus0.01 cc. inactive ] a‘|_ 
goat immune serum ^ q Q 3 
against vibrio Metch- I q 

nikoff l 


Number of Colonies 


Immune 

Serum 

against 

Vibrio 

Mete fcnik off. 


almost oo 
“ oo 
u 00 
sev'I huiVd 
0 


Immune 

Serum 

against 

Vibrio 

Nord- 

hafen. 


Control I. yi%i cc. bouillon culture+ 2 cc. 0 . 5 % salt solution = oo. 

* ‘ II. Active guinea-pig serum 0.1 cc. + cc - bouillon culture = oo , 


C. Is the Deflection of Complements Caused by Anticomplements 

Developed by Immunization? 

The assumption that when immunizing with bacteria, antialexins 
develop in the serum of the animals treated, and that these substances 
exert an antibaetericidal and antihaemolytic action, is made by 
Gruber 1 solely for the purpose of furnishing an explanation for the 
phenomenon not based on Ehrlich’s views. "Wechsberg 2 has very 
properly pointed out that Gruber’s assumption completely contradicts 
all our previous experiences, for then neither by active nor by pas¬ 
sive immunization should we benefit the organism treated, but we 
should even injure it. The evidence oti which Gruber bases this new 
conception consists in haemolytic test-tube experiments in which he 
shows that bactericidal immune serum hinders the haemolysis, whereas 
the corresponding normal serum does not do so. Wechsberg in a 
•recent study® was never able to obtain this result, even with the 
same method of making the experiment m employed by Gruber. 
Similar negative results were obtained by H. Sachs of this institute, 
who studied a number of immune sera for this purpose, viz., immune 
sere against vibrio Metchnikoff, vibrio Nordhafen, staphylococcus, 

1 Wienar Mia. Wocheasehr., 1901, Bo. 90. 

* IMil 

s IbkL, 1902 , No. 13 . 
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IY. 


5 

i 

6 

7 

8 


on a Plate on the Addition of the Inactive Goat Sera here mentioned. 


Immune 

Serum 

against 

Staphylo- 

coccus 

Aureus. 

Serum 

against 

Staphylo¬ 

coccus 

Toxin. 

Serum 

against 

Babbit 

Blood- 

cells. 

Serum 

against 

Sheep 

Blood- 

cells. 

Serum 

against 

Ox Blood- 
cells. 

Serum 

against 

Human 

Blood-cells. 

Serum. 

against 

Horse 

Serum.. 

0 

sev’l huifd 

0 

20-40 

many thou. 

almost oo 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Control III. Active guinea-pig serum 0.1 cc. +0.01 cc. inactive goat immune 
serum against vibrio Metchnikoff -fxirW cc * bouillon culture. 
“ TV. Sterility of all the sera=0. 


erysipelas of swine, hog cholera, dysentery-. I am unable to say 
what the cause of these contradictory results may be. One thing, 
however, is shown thereby, namely, that there is no general law such 
as Gruber assumes, and that, their toxicity taken for granted, his 
experiments constitute rather a rare exception which must even be 
regarded as an unfortunate coincidence. 

That immunization with any kind of bacteria does not cause the 
formation of anticomplements with a general antibactencMal action, 
in Gruber’s conception is seen by glancing at Table IT, columns 2, 
3, and 4. In these experiments only the Metchnikoff immune serum 
exerted a complement-deflecting action, not, however, the immune 
sera of two other goats immunized with vibrio Nerdhafen, and with 
staphylococcus pyogenes aivreus. 

It is very easy to prove that in the Metchnikoff immune serum 
the active factor which effects this anticomplementary action and 
which develops as a result of the immunization is really an ambo¬ 
ceptor; for by previously adding the corresponding dead bacteria 
to the immune serum and later centrifuging, the amboceptor of 
the serum is abstracted. It can then be shown that this amboceptor- 
free immune serum has lost all its power to deflect complement, 
provided, of course, a sufficient amount of bacteria was used. It 
■can further be shown in this way that the action proceeds quanti¬ 
tatively. Thus if decreasing amounts of bacteria are employed 
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to absorb the amboceptors, e.g., 1, h ft, fi agar culture, it will be 
found, for instance, that the whole agar culture completely abstracts 
the amboceptor from the serum; one-quarter of the culture abstracts 
only part of the same, smaller amounts still less corresponding to 
the amount of bacteria added. 

But by this method I was able to bring further proof of the specific 
action of the immune serum. Thus when I added dead Metchnikoff 
vibrios to the Metchnikoff immune serum, 1 was able to remove 
the amboceptor; the serum then did not show even a trace of deflect¬ 
ing action. If, however, to this Metchnikoff immune serum I 
added other bacteria (vibrio Nordhafen, typhoid, dysentery) the 
serum lost none of its power to deflect complement, because the 
immune body of Metchnikoff immune serum is anchored only by 
Metchnikoff vibrios, and not by any other kind of bacteria. 

Such an experiment is reproduced in extenso below. For certain 
reasons to be explained directly, this requires a tedious and complex 
method of procedure. As in the previous experiment I employed a 
mixture of active guinea-pig serum and inactive Metchnikoff immune 
serum (from a goat), which sufficed to kill the amount of bacterial 
culture employed (Control II). To this mixture are added decreasing 
amounts of the native inactive Metchnikoff immune serum of a 
goat (column 1). The same immune serum previously treated with 
Metchnikoff vibrios is shown in column 2; treated with Nordhafen 
vibrios, column 3; with typhoid bacilli, column 4; and with dysentery 
bacilli, column 5. This preliminary treatment with bacteria is as 
follows: Agar cultures of the various bacteria are suspended each 
in 2 cc. 0.85% salt solution and killed by heating these suspensions 
to 65°“70° for one hour. If to these four suspensions we were now 
to add Metchnikoff immune serum with the object of having the 
immune body absorbed, we should later, on centrifuging to remove 
the bacteria, encounter great difficulties, it being impossible in this 
way to obtain a dear fluid free from bacteria. The Metchnikoff 
vibrios alone are an exception, because they are agglutinated by the 
corresponding immune serum. Although, according to Gruber, 
even a considerable accumulation of bacteria is without effect on 
haemolysis, in my bactericidal experiments I met with the annoying 
fact that such large amounts of bacteria (the centrifuged fluid is 
cloudy) are in themselves strongly antibactericidal. I was able 
to overcome this difficulty as follows: 2.0 cc. of the corresponding 
inactive immune serum were added to the suspended agar cultures 
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in order to effect agglutination; thus Metchnikoff vibrios to 
Metchnikoff immune serum, Xordhafen vibrios to Xordhafen 
immune serum, etc. The mixtures were kept at 37° C. for one hour, 
diluted to 25 cc. with salt solution (in order to dilute the serum as 
much as possible), and then centrifuged. The fluids were poured 
off; the sediments consisting of agglutinated bacteria were thoroughly 
shaken, each with 2\ cc. inactive Metchnikoff immune serum and 
allowed to stand for U to 2 hours at 37° C., the mixtures being occa¬ 
sionally shaken. On then again centrifuging for a long time, I was 
able to pour off a clear bacterial-free fluid which was used for the 
following experiment (columns 2 to 5). 


TABLE V. 


.Amount of 
Culture. 

Amount of the 
Bactericidal Serum 
Mixtures. 

Amount of the Inactive Metchnikoff 
Immune Serum. 

1 

2 

3 

4 

5 

Number of Colonies on a Plate on. the Addi¬ 
tion of Inactive Goat Serum against 
Vbrio Metchnikoff. 

In the Native State. 

Previously Treated with Dead 
and Agglutinated 

Metchnikoff 

Vibrios. 

Nordhafen 

Vibrios. 

Typhoid 

Bacilli. 

1 

©33 

is 

ft 

TffW cc * °f a 
one-day bouil¬ 
lon culture of 
vibrio Mefcch- 
nikoff 

0.1 cc. active guinea- 
pig serum plus 0.01 
cc. inactive goat 
immune serum 
against vibrio 
Metchnikoff 


' 1.0 

0.5 

0.25 

0.1 

.0.05 

oo 

00 

00 

10-20 

0 

0 j 
0 1 

0 

0 

0 

00 

00 

many 

thouM 

10-20 

0 

oo 

00 

many 

thou’d 

10-20 

0 

oo 

oo 

100 

0 

0 


Control I. -nW cc. bouillon culture+2 cc. 0.85% salt solution = oo. 

“ II. 0.1 ce. active guinea-pig serum 4-0.01 cc. inactive goat immune 
serum against vibrio Metchnikoff 4 -tAit cc - bouillon culture=0. 

“ III. Sterility of all the sera=0. 

This experiment shows that by previously adding dead bacteria 
of the corresponding species and then using the centrifuged serum, 
it is possible to remove the property by means of which an immune 
serum when in excess can exert a complement-deflecting action. 
This absorption, however, did not succeed with three other species 
of bacteria. Hence we can conclude that the deflecting agent of 
the immune serum is a substance produced by immunization and 
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related to the complement on the one hand (complement deflection!) 
and to the corresponding bacterium on the other (specific absorption). 
It is therefore an amboceptor in Ehrlich’s sense, and not an anti- 
alexin in that of Gruber. 

The results of my experiments may be summarized as follows: 

(1) By comparing two bactericidal immune sera both possessing 
a strong agglutinating property, while, in certain combinations, only- 
one manifested the phenomenon of deflection of complement, the 
objection was controverted that this deflection is due to the mechanical 
action of agglutination. 

(2) It was possible to show in several different ways that the 
deflection of complement is not caused by a constituent of normal 

serum. 

(3) It was directly proven that the deflecting agent of the immune 
serum is the specific amboceptor (immune body) produced by 
immunization. 

From this it follows that the amboceptor merely plays the role 
of a coupling element between bacteria and complement and that 
the property of “sensitizing” (Bordet) or of “preparing” (Gruber) 
cannot be ascribed to it. The latter assumptions seem to be irrecon¬ 
cilable with the phenomenon of deflection of complements described 
by Neisser and Wechsberg. 









XI. ACTIVE IMMUNITY AND OVERNEUTRALIZED 
DIPHTHERIA TOXINS. 1 

• By Dr. Jules Eehns. 

I note a. d of following the classical method of immunizing against 
diphtheria, namely, by inoculating the toxin in gradually increasing 
doses, a number of workers have attempted to produce immunity 
by inoculating, either from the outset or during the course of the 
immunizing process, mixtures in which the toxin was partly, wholly, 
or over neutralized. It will at once he realized that these methods, 

. with which the names Babes, Pavlovsky, Arloing, Madsen, and Kretz. 
are principally associated, possess an entirely different significance. 

Under the direction of Professor Ehrlich I have tried to see whether 
active immunity could be conferred upon a given normal organism by 
the injection of increasing doses of diphtheria toxin mixed with one- 
or more times its equivalent of antitoxin. 

Babbits weighing about 2000 grams were used and these were- 
injected with mixtures composed of a toxin L and the Standard 
Serum of the Institute. 

The constants of this poison, determined according to the clas¬ 
sical methods devised by Ehrlich were as follows: 

(1) The amount of poison which just corresponded to an immu¬ 
nizing unit, i.e., the limit of no action whatever, 

L 0 = 0.3 cc. 

(2) The amount of poison which, mixed with one immunizing 
unit of serum, was just sufficient to kill the animal, the so-called 
L-j dose, 

Lt = 0.45 cc. 

(3) The fatal dose for a rabbit weighing about 2000 grains, death, 
occurring in four days: 

This was about 0.01. 

1 Reprinted from Compt. rend, de la See. de Biologie, 1901, page 141. 
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Two rabbits were Inoculated intravenously, one with 
3 units serum 4-0.3 cc. toxin, 

a mixture neutralized about three fold ; the other with 
3 units serum 4- 0.45 cc. toxin, 

a mixture about doubly neutralized. 

The animals received daily increasing doses from the 5th to the 
ISth of December, 1900, at the end of which time the total amount 

of toxin they had received was 

for the one 7.5 cc. or 750 fatal doses, 
for the other 4.27 cc. or 429 fatal doses. 

The animals show r ed no change In health and lost no weight. 

In order to allow the excess of serum introduced time to be 
eliminated, four weeks were allowed to elapse before testing the serum 

for its antitoxic strength. 

A control rabbit treated with serum alone died accidentally, but, 
as will be seen from the results of the experiment, a control was 

superfluous. 

Both rabbits were killed Jan. 24, 1901, and 1 cc. of the serum 
was mixed with one-quarter a Lf dose. The test animals died in 
twenty-four hours. By decreasing the quantity of toxin to one- 
eighth Lf dose, death occurred in forty eight-hours. 

From this we see that the serum of these animals certainly con¬ 
tains no more than one-eighth of an immunizing unit, an amount 
which at once eliminates any idea of a passive immunity. 

One must therefore conclude that the organism of a normal 
rabbit mi sensitized through previous immunization is unable to break 
up the combination of diphtheria toxin with antitoxin. Not a trace of 
this toxin is free at any moment, and the strongest doses of the mix¬ 
ture are destitute of any injurious effects. Twenty fatal doses, for 
instance, were given at the beginning. But we see further that these 
mijrtureg do not cause even the slightest production of antitoxin. 
We must therefore conclude, with Arloing, that the injection of 
ovemeutralized toxin is absolutely useless for purposes of immixnl- 
saticm. 

These results do not in the least resemble those of other authors 
who have used pmrtmUy neutralized mixtures in which toxons and 
toxeneids aw present in a free state. So far as immunizing power 
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is concerned, Madsen has found that these substances, though abso¬ 
lutely free from pathogenic action, are entirely equal to pure toxin. 
In these, then, toxicity and immunizing power are entirely unasso¬ 
ciated. These facts make Ehrlich’s hypothesis very plausible, ac¬ 
cording to which the toxin molecule contains separate groups. “ hapto- 
phore ” and “ toxophore.’* The combination of the former with 
corresponding groups in the receptive organs furnishes the condi¬ 
tions necessary and sufficient for the production of antitoxin^ by 
these organs. 


Translators Xote. —Park and Atkinson report quite different results in a 
similar set of experiments. By treating horses -with toxin neutralized threefold 
(for guinea-pigs), they produced a considerable amount of antitoxin. Even when, 
the toxin was neutralized sixfold there was a slight production of antitoxin. 
See Proceedings of the New York Pathological Society, 1903. 





XII. IS IT POSSIBLE BY INJECTING AGGLUTINATED 
TYPHOID BACILLI TO CAUSE THE PRODUCTION" 

OP AN AGGLUTININ? 1 * 


By Prof. M. Nekser, Member of the Institute, and Dr. R. Lubowsxi, formerly 

Assistant in the Bacteriological Division. 

Especially Important for Ehrlich’s conception of the chemical 
union of toxin and antitoxin are the experiments in which immu¬ 
nization of animals was attempted with neutral, and therefore non- 
poisonous, toxin-antitoxin mixtures. Such experiments, inaugu¬ 
rated.by Babes, were recently published by Ivretz/ among others. 
At first it appeared to this author that he could really immunize 
with such neutral mixtures, but exact reexamination convinced him 
of the contrary. Jules Reims 3 also was unable to obtain any results 
with neutralized toxin-antitoxin mixtures. All of these experi¬ 
ments showed that Ehrlich’s conception, that of a chemical union 
of toxin and antitoxin, most readily sufficed to explain the facts. 

In immunization with cellular material the circumstances are 
far more complex, von Dungem 4 therefore first attempted to 
rule out the immunizing action of the injected cells (erythrocytes) 
by simultaneously injecting the corresponding immune serum obtained 
elsewhere. This mixture, therefore, was neutral, and caused no 
immunity reaction. Our colleague, Dr. Sachs, has continued these 
researches at the suggestion of Professor Shield, and will report 
thereon the following article. 

In direct contrast to y. Dungem's experiments are the results 


1 Reprint from the Centralbiatt t Bacteriologie Parasitenkunde und Infec¬ 
tions Krsnkbeifcen, VoL XXX, 1901, No. 13. 

1 It Kmtm, Ueber die Beddmogen von Toxin und Antitoxin, Zeifcschr. f_ 
HeSlnmde, 1901, No. 4. 

* Bee pages 143 et seq. 

4 See pages 36 et seq. 
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obtained by Jules Rehns 1 by the injection of agglutinated typhoid 
bacilli. He found that it was immaterial, so far as effect was con¬ 
cerned, whether he injected the typhoid bacilli agglutinated or not 
agglutinated. An entirely similar experiment has also been pub¬ 
lished by Nicolle and Tr6nell. 2 

Having previously and independently of Rehns busied ourselves 
with this question, and having seen that it is attended with con¬ 
siderable experimental difficulties, we again took up the problem 
on the publication of Rehns’ article, especially because of the theo¬ 
retical importance of the subject.' Furthermore, our previous experi¬ 
ences had given us the impression that Rehns’ results were not gen¬ 
erally applicable. 

The technique of our experiments was as follows: The typhoid 
culture employed was an old laboratory culture especially adapted 
to agglutination experiments. Of this, one-day agar cultures, sus¬ 
pended in physiological salt solution and killed by exposure for one 
hour to 60°-70° C., were used for the injections. 

The preparation of the agglutinated typhoid bacilli w T as most 
carefully attended to, it being deemed especially important to fully 
satisfy the bacilli with the agglutinin. The agglutinin was a highly 
active typhoid agglutinin derived from a horse, and agglutinated 
even in dilutions of 1:50,000; only in the last experiments was a 
weaker serum used. The agglutinin was added to the bacteria in 
such amounts that about 500-1000 times the amount calculated 
to be necessary was used. In order to effect as firm a union as pos¬ 
sible between bacilli and agglutinin the latter was allowed to act 
on the bacilli for one hour at 42°-44° C. 7 during which time the tubes 
were shaken every ten minutes (at times with glass beads) in order 
to loosen the larger clumps and secure the penetration of the agglutinin 
to the central portions of the clumps. And in order to be on the 
safe side, we centrifuged the bacteria from the first mixture and 
repeated the saturating process in the same manner. After the 
second saturation the mixture was again centrifuged, filled up with 
salt solution, again centrifuged, and then washed several times. 
The various decantations were saved and tested for the presence 
of agglutinin; the last washings had to be free from agglutinin. 

Concerning the amount of injected bacilli in conformity to our 

1 J. Rehns, Compt. rend, de la Sac. de Biol, 1900, page 1058. 

*Nicolle et Tr6meH, Compt. rend, de la Soc. de Biol, 1900, page 1088. 
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previous experience we took two agar cultures to be the normal 
measure for one rabbit. Since small amounts of bacilli were lost 
through the centrifuging, we often employed somewhat larger amounts 
for the injection of the agglutinated bacilli; while, on the other 
hand, the control animals frequently purposely received less than, 
two agar cultures. This was done to meet the objection that the 
animals injected with agglutinated bacilli had received fewer bacilli 
than the control animals. But just in these control animals which 
therefore received different amounts it was seen that a strict paral¬ 
lelism between the amount of bacilli injected and the agglutinating 
value produced thereby does not exist. Many animals with smaller 
doses exhibited higher agglutinin values than other animals with 
larger doses, as is seen by the following table I. 


TABLE I. 


Number of the 
Animal. 

Agglutinating 

V alue of t he 

Serum Previous 
to Injection. 

Amount Injected. 


119 

0 

1 mass culture subcutan. 

1:160 

118 

1:40 

h “ 

it tt 

1:1280 

117 

1:40 

A “ 

it t . 

1:320 

159 

0 

i “ 

lt +£ agar culture 

1:1280 

160 

1:40 

A “ 

“ +* “ " 

1:12S0 

162 

1 0 

* “ 


1:2560 


The injection was usually subcutaneous, a few times intraperi- 
toneal. The blood was abstracted from the ear vein. 

Testing the agglutinating value of the serum was accomplished 
according to a method long in use in the bacteriological division, as 
follows: 

The serum dilutions (in 0.85% salt solution) were usually 1 /zo, 
l Im r Vso, l /im etc.; finer gradations were not employed, as they 
are of no value in measuring the agglutination. The culture used 
was a living 20-hour agar culture which was suspended in 10 ec. 
of bouillon. To each serum dilution, whose volume was 1 ec., the 
same amount of bacilli was added (1 ec. bouillon culture), so that 
the total volume of each specimen was 2 cc. Each specimen was 
then poured into a little Petri dish and placed into the thermostat 
for two hours. Thereupon the specimens were examined with the 
low power of the dry objectives. In this way the occurrence of 
large" or smaller clump® is very distinctly seen. In the protocols 
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only u complete agglutination ” and the “positively distinct agglu¬ 
tination ” are regarded as positive; everything at all doubtful is 
regarded as not agglutinated. 

The first question was on which day following the injection the 
maximum agglutinating value was to be expected in the serum of 
the animals. Table II gives a r6sum6 of eight animals injected with 
dead typhoid bacilli and examined at different times. 

TABLE II. 


Num¬ 
ber of 
the 
Ani¬ 
mal. 

Aggluti¬ 
nating 
Value of 
the 
Serum 
Previous 
to the 
Injection 

Injected Amount. 

Agglutinating Value on the 

5th Day 

7th Day 

9th,10th, 
or 

11th Day 

14th Day 

15th Day 

117 

1:40 

Aj- mass culture subcut. 


1:80 


1:320 


118 

1:40 

i “ 


1 :320 


1:1280 


119 

0 

i “ 


1 :S0 


1:160 


134 

1:100 

2 agar cultures 

1:320 


1.640 



132 

0 

i 11 “ 

1:640 


1:640 



110 

? 

mass culture 4- \ 

1:640 


1:320 


1:150 



} agar culture f 






109 


Ay mass culture 4- \ 

4 agar culture f 

1:2560 


1:1280 


1:320 

108 


■fa mass culture 4- \ 

1 agar culture } 

1:1280 


1:640 

5 

1:640 


Four of these animals exhibited a lower value on the 7th (or on 
the 5th) day than on the 14th (or on the 10th) day. The other four 
animals showed a decrease or no change at all in their agglutinating 
values on the 5th, 9th, and 14th (or 5th and 19th) days. Hence 
if on the 7th day we examined, as we actually did, the animals which 
had been injected only with dead typhoid bacilli, we were not sure 
that we should strike the maximum agglutinating value. That 
we chose this time nevertheless is explained by the fact that this simpli¬ 
fied the investigations, and by the further consideration that we 
did not need the highest possible values in these control animals. 

The animals, however, in which we were compelled to strike the 
maximum value are seen by reference to Table III to have behaved 
differently. Of 15 animals which had been injeeted with dead, 
agglutinated typhoid bacilli, there were only 3 which still showed 
a slight increase of agglutinating value from the 7th to the 14th 
(or 5th-9th) day. We were therefore justified in withdrawing the 
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It may further las mentioned that examination# wen* also made 
on the 29th and 29th day after the injection, in which however a 
decrease of the agglutinating value was usually found, 

Investigations also showed that injection# of physiologieal #«lt 
solution in ixmillon caused no variation in the normal agglutinating 
values. 

A further question was whether and to what degree the serum 
of normal untreated rabbit# jtowewf*# agglutinating proj*i*rtie« on 
typhoid bacilli. Out of 17 rabbit# whieh wen* examined for this pur- 
pose. 10 showed no agglutination in dilution# of 1 ;20, one serum 
agglutinated in the dilution 1:20, but no biglK-r, T% others in 1:40, 
but no higher, and only one agglutinated even in a dilution of 1: M0„ 
(See Table IV.) 

It is therefore a rare exception for normal rabbit serum to at ill 
manifest agglutinating powers on typhoid bacilli in a higher dilution 
than 1:40, It should be remarked that in the above table "0” 
hm always then been put down when the agglutinating value of the 
serum in a dilution of l:20-*0; for the examination* began with thin 
dilution. 
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TABLE IV. 

Agglutinating Values of Normal Rabbit Serum. 


Dilution of the Serum. 


Animal. 

1:20. 

1:40. 

1:80. 

1:160. 

1:320. 

133 

0 ' 

0 

0 

0 

0 

132 

0 

0 

0 

0 

0 

136 

0 

0 

0 

0 

0 

164 

0 

0 

0 

0 

0 

181 

0 

0 

0 

0 

0 

163 

0 

0 

0 

0 

0 

166 

0 

0 

0 

0 

0 

165 

0 

0 

0 

0 

0 

159 

0 

0 

0 

0 

0 

162 

0 

0 

0 

0 

0 

161 

4- 

0 

0 

0 

0 

114 

+ 

4- 

0 

0 

0 

160 

4- 

4- 

0 

0 

0 

182 

+ 

4- 

0 

0 

0 

117 

+ 

+ 

0 

0 1 

0 

118 

4- 

4- 

0 

0 

0 

134 

4- 

4- 

4- 

I 

4- 

0 


We now come to the experiments proper. In the first of these 
(Table V) a series of rabbits was injected with agglutinated typhoid 
bacilli, while a control series was injected with the same or smaller 
amounts of non-agglutinated bacilli. This comparison shows a far 
higher agglutinating value of the serum of the control animals than 
that of the other animals. 


TABLE V. 


Num- 
* ber of 
the 

Animal. 

Agglu¬ 
tinating: 
Value 
of the 
Serum 
previ¬ 
ous to 
the In¬ 
jection. 


Injection of 

Maximum 

Aggluti¬ 

nating 

Value. 

Average. 

1 

1 

Ill 

? 


H3 

fa mass culture 4-J agar culture 

1:160 



112 

? ' 


■§73.^ 

ditto 

1:160 



103 

? 


.3 o J3 

ditto 

1:160 

i 

1:147 

104 

? 


* -P 4U O 

S3 ao8 

ditto 

1:80 



105 

? 



ditto 

1:160 
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ditto 

1:160 
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ditto 
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The next question was whether rabbits really react at all to 
injections of agglutinated typhoid bacilli; in other words, whether 
the normal agglutinating value possibly present is at all increased 
by injections of agglutinated typhoid bacilli. The result was sur¬ 
prising, as is seen in Table VI. For while in four animals no increase 
occurred, in two others there was a very slight increase, and in four 
more the increase, though distinct, was insignificant in comparison 
with that in six animals injected with non-agglutinated typhoid. 


TABLE VI. 


Number 
of the 
Animal. 

Agglu¬ 
tinating 
Value of 
the Serum 
previous 
to the 
Injection. 

Injection of 

Maximum 

Agglu¬ 

tinating 

Value 

after 

the 

Injection. 

Average. 

132 

0 


2 

2 agar cultures (intraperito- 

0 



181 

0 


o 

A 

Q* 

2 agar cultures 

0 



116 

0 


£ 

•J mass culture 

0 



182 

1:40 



ditto 

1:40 



164 

0 


. 0*0 

| mass culture 4- § agar culture 

1:20 


1:106 

363 

0 


■p 

ditto 

1:40 



166 

0 


*43 

ditto 

1:320 



115 

0 


J3 

J mass culture 

1:160 



161 

1:20 


tc 

bO 

| mass culture 4- \ agar culture 

1:320 



114 

1:40 


< 

| mass culture 

1:160 | 



165 

0 



A mass culture 4 J agar culture 

1:640 ' 



159 

0 

j 

l Tn' 73 


1:1280 



162 

0 


hfl id 

L 5p*a 

* “ “ +4 “ “ 

1:2560 


• 1:1093 

119 , 

0 


r cj w 

1 +3 

4 11 

1:160 



136 

0 


0*43 

1 agar culture 

1:640 



160 

1:40 

j 



tV mass culture +f agar culture 

1:1280 




Note.— 1 mass culture equals about 12 agar cultures. 


With this the main portion of the question had been answered; 
for these experiments already showed that the injection of agglutinated 
typhoid bacilli exerts an action which quantitatively is different 
from that following the injection of non-agglutinated bacilli. Never¬ 
theless even the agglutinated bacilli, although their injection is 
often wholly without effect, in many cases still exert a stimulus on 
the formation of agglutinins even though in a slight degree. This 
is due to individual peculiarities of the animals employed, and these 
we have not thus far been able to recognize in advance. The natural 
assumption that animals which already normally possess agglutinins 
react more readily to the injection of agglutinated typhoid bacilli 
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than do i\um* whirh «ii * not normally \nmx*m ugglutinirm has not 
Inn fofifirtftrd, fur mil of atwrn animal** (Tablr VI) in whonr nrrum no 
typhoid agglutinin roiild Im drmoimtrafud prevdoun to trratmrnt, 
fltrrrdid n«»t rvurt to tin* mjnrtiofi of ugglutinatrd typhoid bacilli, two 
reacted feebly nnd t wo wry dn*f inrtlv. tin the other hand, out of three 
animal* in whirl*. previous to troutinent, a typhoid agglutinin could 
hr demonstrated, two reacted tli.-nt inc*tly to the injection of agglutinated 
bacilli nnd one in it ut all. 

Another n^mimpfion \%m, that in the aniumia whirh had nmeUnl 
hut feebly or not nt all, an increase of tin* .«en*itivenesH again*! ugglu* 
tinnted hnrilli could hi* brought a hoof artificially by repeated injec¬ 
tion* of agglutinan 4 bamik 1 In nf o him not horn confirmed. 
Tint- three animal 'Table \'f 1 1 reacted to tin* - mind injection of agglu¬ 
tinated bacilli ju*t a-' 1 if i !»* a.< t law did to t hr ftial, ottr in t in ml reacted 
frrhly, !i> if had dole* pnw an k , and onlv * wo uniumi* ( Non, \A 1 and 
hid a w Inch had holed to ir#iH to the Ur I injection, reacted dkfittr! ly 
to tin- / rrond, 1 hr pro?!mil of 5 hr r In I two animal*, however, point 
out u prnihant v t *u dir p|*4 urea ion t hr e animal* were injrrtrd 
intrujjcntnnculh and *? o noted that at thi* turn* I In* infect me wna 
pricked, Thr hr t injection tan// therefor** hnvr mostly gone into 
fill* liowe! nnd r o produ* * d no * beef. d hr cerund injection would 
thru have rrafly been th*' imh *t feetive ulna Thece two earn 

not therefore le m rd ?«» prove that by mean** of a prcvinti* inject ion 
of agglutinated bn* s!h nil art tin in! inwaar of tin* M*ti*itivciic«*M itgaiiiHt 
a mloojuent inject loft of agglutinated bacilli rim l*e effected, The 
prevwtj* injection of agghtf united bacilli, however, tti no way influeneeH 
fin* our ifivmr amuiA tain agghuiitafrd bacilli, im k idioivn hy 
tlir four control nrtiutal* f Table \ Up 

Idimlly «*x \%vn* tnmh* rrfnniittic nf ill imothrr iu*Miitip- 

fion. It wna mttridvrtWf* flint thr pmdoiw iitjrrtion of a rrrtain 
animmt of tifiiiaiiighitifiatrii hnrilli wtutld Imvn Miilficrfi to bring about 
n «*naif m*mmt n Mitirr«|tiriif tiioriilntkiti with agghttmnfrd 
biwilli. Thin i^imiptiott iiS.hu inm not firm lifirrif? nut, (Hit of ftvi» 
iiniirnik fTnhir ^ III ) nffrr n pmviotiN iiijrrtiiiti of nmMigglufi» 

nnfrfl typliowi nn injortsoti of iiMglnfiiinird typhoid, two 

jdiimrd a diic!?t inrmwt* nnd %hm* no inrmwi* in aggltif inating vnlur, 

li follows front! nil f^firrtriiriifu I hut thorn in n dktmrt ilik 
frrmrr lii*fwi*«*?i flir irijmliriri of iifgliifiimlrd and of ttorwiggintirmti*d 
typhoid hnrilli. Tin* injrHion of timmAmlntkmlml typhoid hnrilli 
w always follnirwl bv an iiirnmwr of thr iigglutiniiting jum-rr, Thk 
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increase is usually very great and only rarely slight. The injection 
of agglutinated typhoid bacilli, provided that attention is paid to a 
sufficient saturation with agglutinin, is frequently followed by no 
reaction, often by a slight reaction, and rarely by a marked increase 
of the agglutinating value. This reacting power depends on the 
individuality of the animal and stands in no relation to the original 
agglutinating value, nor can it be influenced artifically. Furthermore, 
as we learned from a special experiment, it is immaterial whether 
the immune serum used to agglutinate the typhoid bacilli is derived 
from the same or from another animal species. 

The explanation of these facts is not difficult provided one pro¬ 
ceeds on Ehrlich's theory. According to this the agglutinin consists 
of thrust-off cell-receptors. As a result of their seizure by the 
bacterial receptors they have been produced in excess and give 
off to the circulation. They, therefore, possess a definite relation 
to the corresponding bacterial receptors. Hence when we fully 
saturate typhoid bacilli with agglutinin, we cause the bacterial 
receptors to be occupied, and are then as little able to cause a reaction 
with these bacteria as we are to cut with a sword in its scabbard. 

If then, in spite of this, certain animals react to such “occupied” 
typhoid bacilli, we shall have to assume that these animals possess 
the power to dissolve the combination of agglutinin and bacterial 
receptor and thus set the latter free. 

This action, however, never proceeds to the full extent. 

Incomparably more important, and, as it appears to us, explicable 
only with the aid of Ehrlich's chemical views, is the main phenomenon, 
that in many animals no reaction whatever follows the inoculation of 
agglutinated typhoid bacilli; that therefore in many cases it is 
possible to dispose of the bacterial group giving rise to the agglutinin, 
by causing this group to be occupied by the corresponding agglutinin. 

Subsequent Note. 

R. Pfeiffer and Friedberger, 1 through recent experiments on cholera vibrios 
and cholera amboceptors, have obtained results which are in gratifying accord 
•with those obtained by v. Dungem, M. Neisser and Lubowski, and Sachs. 2 
In earlier experiments R. Pfeiffer 8 had found that the bacterial substance 
dissolved in the peritoneum through the influence of the cholera immune serum 


1 R. Pfeiffer u. Friedberger, Berl. klin. Wochenschr., 1902, No. 25. 
3 See the following article. 

8 R. Pfeiffer, Deutsche med. Wochenschr., 1901, Nos. 50-51. 

























AGGLUTINATED TYPHOID BACILLI. 157 

usually still excited an extraordinarily strong immunity reaction, a phenomenon 
seemingly in contradiction to Ehrlich’s theory. Further experiments, however, 
showed that when very high doses of an active cholera goat serum were em¬ 
ployed, the immunizing action was almost entirely lost. Of especial importance 
for future methodical investigations of this kind is the fact determined by these 
authors, that a real saturation of the receptors of the cholera vibrios requires 
a surprisingly high multiple of the amount of immune serum sufficient to dis¬ 
solve the same amount of cholera vibrios. 7500 times this amount does not 
yet satisfy all the affinities and it requires enormous doses, up to 3-4 million 
times, to completely saturate all the receptors. 




XIII. 


IMMUNIZING EXPERIMENTS WITH ERYTHRO¬ 
CYTES LADEN WITH IMMUNE BODY. 1 


By Dr. Hans Sachs, Assistant at the Institute. 

The interesting experiments of v. Dungern 2 have furnished 
further proof that the same group (receptor) of the blood-cells which 
in haemolysis combines with the specific immune body causes the 
production of this immune body within the organism, v. ‘ Dungern 
injected rabbits with ox blood to which a plentiful amount of an 
immune body (obtained from rabbits by immunizing with ox blood) 
had been added, and found, as was to be expected, on the basis of 
the side-chain theory, that animals so treated failed to produce 
any immune body whatever. 

The results of the investigations of M. Neisser and Lubowski 3 
show that the complete inactivity of such saturated receptors— 
agglutinated typhoid bacilli—in the animal body is not at all a general 
rule, but that, on the contrary, a moderate development of the 
immunity reaction occurs even with such mixtures and that this 
depends on certain individual differences. Hence at the suggestion 
of Prof. Ehrlich I have extended the experiments of v. Dungern 
and undertaken blood-immunization experiments on a large series 
of animals. The results obtained lead to certain modifications of 
von Dungern’s conclusions. 

The method of these experiments must be guided by two prin¬ 
ciples. To begin, it is important that the receptors of the injected 
blood are really saturated, for even a very slight free residue might 
effect an imnfunity reaction in the animal body. And yet it is es¬ 
sential to remove any possible excess of immune body , because this 


1 Reprint from the Centralblatt fur Bacteriologie, Parasitenkunde und In¬ 
fection Krankheiten, Yol. XXX, 1901, No. 13. 

2 v. Dungern, Muench. med. Wochenschr., 1900, No. 20. See also page 56. 

8 See the preceding article, page 146. 
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could passively reappear in the serum of the injected animal and so 
simulate an active new formation of immune body. In accordance 
with this the experiments were made as follows: Ox blood was treated 
with an excess of inactive serum from a rabbit which had been im¬ 
munized with ox blood, the mixture digested at 37-40° C. for half 
an hour and then centrifuged. The decanted fluid was then tested 
for its content of immune body. Only when this test proved posi¬ 
tive, and it could therefore be assumed that all receptors had been 
saturated, was the blood so treated employed for injections. But 
it was previously repeatedly washed with physiological salt solution 
in order to remove all free immune body. Finally the centrifuged 
sediment was made up to its original volume. The course of such an 
experiment is illustrated in the following: 

100 cc. ox blood are mixed with 25 cc. inactive immune serum 
of a rabbit which has been immunized with ox blood. Of this im¬ 
mune serum, 0.0025 cc. suffice, when complement is added, to just 
completely dissolve 1 cc. 5% ox blood; the amount employed, there¬ 
fore, represents five times the amount necessary to dissolve the 
100 cc. ox blood. After the mixture has remained in the thermostat 
for half an hour it is filled up to 300 cc. with 0.85% salt solution and 
centrifuged. The first’decantation is tested by adding it in decreas¬ 
ing quantities to 1 cc. 5% ox blood plus 0.4 cc. normal rabbit serum 
(as complement). 

The following results are obtained: 

1st. Decantation: 1.5 cc. complete haemolysis. 

1.0 cc. almost complete haemolysis. 

0.5 cc. “ 

0.25 strong haemolysis. 

0.1 no 

From this it must be concluded that the blood-cell receptors are 
incapable of further absorption; in other words, that they have been 
saturated. 

The second decantation tested in this same manner yields the 
following result: 

2d. Decantation: 3.0 cc. strong. 

2.0 “ moderate. 

1.0 “ little. 

0.5 li trace. 

It therefore contains only very little immune body. 
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The blood is once more washed and centrifuged and then filled up 
to 100 cc. The blood-cells thus saturated with immune body are in¬ 
jected in rabbits intraperitoneally, each animal receiving 25 cc. of 
the mixture. 

At the same time control animals are injected with the same 
amounts of normal ox blood. 

Usually on the tenth day after the injection, as this had shown 
itself the most favorable time, serum was withdrawn, inactivated and 
tested for its content of immune body by adding it in decreasing 
quantities to 1 cc. 5% ox blood plus sufficient complement. Either 
rabbit serum, 0.4-0.5 cc., or guinea-pig serum, 0.1-0.15 cc., served 
as complement, for these are equally well adapted for this purpose. 
The results of the experiments are as follows: 

Out of eight rabbits injected intraperitoneally with ox blood 
saturated with immune body, only three corresponded to the requirements 
which follow from von Dungem’s results . Their serum, tested exactly 
like the immune body, failed even in amounts of 1.0 cc. to produce 
a trace of haemolysis, whereas when the serum of the corresponding 
control animals was tested, 0.025 and 0.05 cc. respectively sufficed 
to effect complete haemolysis. 

These results are approached very closely by the serum of a 
fourth animal. The haemolytic action of this serum compared to 
that of the serum of the corresponding control animal was 1: <135, 
i.e., was exceedingly slight. The remaining four rabbits had 'pro¬ 
duced an immune body in greater or less amounts , though this amount 
was always far less than that produced by the corresponding control 
animals. When the absence of a zone of marked complete solution 
rendered it impossible to make an exact determination, the compari¬ 
son of the immune body values of the sera in parallel tests was accom¬ 
plished by comparison of tubes whose colors corresponded. The 
amount of immune body possessed by these animals compared to that 
of the corresponding control animals was as follows: 

(1) 1:5; (2) 1:7; (3) 1:10; (4) 1:10. 

I have supplemented these experiments with a smaller series of 
experiments made with intravenous injections. In these, of course, 
very much smaller amounts of blood were used for injection because 
when the blood-cells loaded with immune body are injected directly into 
the circulation, they suffer haemolysis through the action of the com- 
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plcrnimt present in tlit* si>nmi, catt-uny; serious symptom:, or, with larger 
a»ioimt« of blood, fatal result-,. This neeord.H with tin- phenomena 
olwTvetl hy Holms 1 when In- injected raid tits which had been imuiti- 
nizotl with os hlooti, intravenously with normai os blood. (tjdy (ho of 
the animals I employed, namely those injected with 7 s <•<•. blood, re 
rnaimsl alive Mitlieientiy long. In one ttf these only traces of immune 
Ixtdy were found in the serum, whereas the serum of the othei animal 
effected eomplete solution in doses of ft.tlo ee. In the serum of a 
enittml anitmtl the limit of eomplete solution was (1,01 ee, TIicho 
few e\|ierimenh eonfirm the remits oldained with intraperifonenl 
inject ions, On it hltuntt, lh .vitnrntnl with immmn luuhj I,tin mil hi/ tiny 
mmiwulwny* hut rxntf n nrUun tlryn, <>f immunity i, art urn 

in thf nrynnixm . 

Our result*, therefore, show that in half of the animal,, j ( , eon- 
founity with the lead*,, obtained )ty von Jtunpefn. the powrj of (ht‘ 
blood to ran-e an imummf v teattion i jo i, owing t<. the block me ol 
f!mt particular group sn the hi*ool n-H whn h umte wit), the immune 
ltt«|y. In the lemmmm? e-. . . however. the , perdu- immune body 
was produced, ittonpn a! wav u, th eel. div |e H u tot,nr, met- ,,idv 

a fifth ton tenth part of the amount appeared that w t , p„„|„ r ,,| |, v 
the emifro! animal-. This app,ut-u*!v unfavutable jxttfittn of the t s 
periment eltowa tit least that xt,l,mtl,.,n m>0, tmmnm timiy **,>);,,! tmuh.d 
riOrirtiny >v}hunu, J'be-rn p, o|i nyteo with ifm e obtained by 
Nei-o-r and with injection* of uftghiltunhd typhmd bacilli, 

furthermore, like .Vi- er ami hulmw To, in an animal nlmh had 
lint reaete.l tn the injection of animated blood, v,e found „f ( , r 
ti<m of the same amount of normal blood that an iuiumue ho-h of 
ena itlendde p*twer had developed >u the emm 'Ihe rompl-m 
Milveut do I- fot | ee. ,V ; ov h!ftt*d alisotmftd to 0,1ft to ee. ,- t , m ’{’)»« e 

last e\perimento which have h-,, done on -i nmeli f,, m , j, v 

Neb er and bultowi ki on tvpbtid hanlli, indicate tj ( -,t tj,,, , ( j- 

antibodirw to form i not dee u, ,,o obh- individual dde-p m i In the 
rtmiimf vnjnu th, of the oiy.-m, Conddeimj' *he utufoim app, ai. 
ani-e of immune l* M |v in rabbit. to-abd with <>x blood nej, an a * mop. 
tion would have lacked all probability, 

That |*orlion of the e\p-rirn«-m in which the iujeetiou of ,„tm ap-d 
bloofl-eell vva< borne by the animal- without producing nn v t- whon 
ran tn nytirthti, iw, ban liecu <{«*«. by won Ihmpern, mtt mmpht, 


1 Ih-hn*. fiiiit|i rend d« tn Her tdol, JHftl, \*„ p 
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stratum that the groups ex,citing the production of immunity me mi w dig 
the same as theme which in haemolysis anchor the immune insly. Wi* 
have neon, however, that there is not always an absence uf reaction 
and that even the inject ion of the same saturated blood, which in one 
animal fails to cause a production of immune body, b follows! tit 
another animal by a certain low-grade production of immune !#*dv. 
The cause* of these* phenomena can only he that rejtaio mumah 
possess the indiridual rapacity to anchor the saturated iceeptor. m 
spite of this saturation. We do not know the nterham m *4 l hi 
action. Two factors in particular mine into imteiderntmn; 4 part 
of the immune body may perhaps he destroyed in tie* anmrd !«mIv 
through special agencies (oxidation?! and the receptor- flcmbv -of 
free. It is also possible* however, without assuming a nictom of 
immune IkkIj to explain the phonmmnmn in the om e of JibrlHiNi 
views, hy assuming a higher affinity of ih* ttmae t* **# //for* pr* o of m 
the animal Inxltp which receptors then would tie able to break up the 
union of blood-cell receptors and immune Irndy, and draw the liW*?I* 
cell receptors unto themselves. 1 

Whichever of these explanations b the corns*! own our experiments 
certainly show one thing, that the dissolution of the btood-ndl rcc^jUor 
combination is nerer a complete one, Merely a jc*rfa m of tie* group* 
is concerned, for only by this partiitl dissolution 1 % the fact pb*ienmtw4 
by Neisser and Luiiowski, as well m by us), b# \w explained that m 
very slight degree of immunity miction w produced by fie injection of 
saturates! receptors. 

Hence even in the ease#! running art apparently unJavonibtf* 
course, only a part always of the receptors exert their ft^imii The* 
portion of the exjs*riments may therefore also Is* ti^-d its it 
\mri for the side-chain theory. 


1 A similar assumption must tm iiirnle In imfor to explain rc-flipa form* el 
over-aensittv<me#8 studied piirtkfiilarly hy v Ifeftftiif, In which, il«^§#ffr /# 

me mt of antitoxin, very wntiiit do*ei# of toxin nei»e flenili II m trnm mmly 

explanation is that lien*, in contm4 to the Mummr m fircunl tummh, the* 
tnxlnophiht receptor* jxHwsewi a \mtho\*mm\\y inrrm^l nt kitty hy whnh tlwy 
am enabled to break up the neutral toxin-antitoxin mixture fwtwii mmmi \m 
brokon tip by normal cells) and take tip tlm toxin thm m% trim. 













xiv. contkrxtxo Till*; escape of ilemoclobin 

FROM BI.OO0 (,‘KLLS HARDENED WITH CORROSIVE 
SUBLIMATE. 1 

Ilf Hash Ha<*»sh, AwfaUittl at I fin Ifpifjfiit#!, 

The following xtudy ww undertaken on rending tin* rexuitx of 
investigation* enrricd on by Matthe*'--' <m tli«- roll- „f tin* imriimii* 
IxkIv (atniiorepfor) in hiemnlyxi*. Tin- peculiarity of hi« vi*ry inier- 
<wting result* demand* a lborough study of the fin-tor* eoneerned. 

The fart* there brought out Imvi* I tern eoufirmed by u*, but the 
mtultx of our study have I**d t« to regard then- f»et* in mi entirely 
different light. At* a result of numerou> earlier experience* with 
pamreutm and papain we om eoutirm the oh erv»tiou that 
norttutl as well ax een*itued red Wood lelb* fie. e.-lb loaded with 
immune btwly) cannot la* attack* d by dige.tive ferment." ■' With 
digestive experiment* with jtepsin and {mnermtitt, to be . ure, the 
thflieulty exixtx that the amount* of Jftl and nlludi rwjieetivelv which 
represent* the optimum of action, are in themselves not indifferent 
for the blood-eell*. With then* ferment* one i* therefore form l to 
work under relatively unfavorable condition.',. 

Matthei killed the blond-cell* by mean* of Hnycm'e solution 
(whieh, ax i.-i well-known, contain* J» f mereitrir chloride) and 
found that hliMnf ct tin xn truth'll wt re rttithl */ fe/ wtittm uf ruii it. 

jHinirtiut jltfii, Tlo«-e fixed blood *<-11*. whieh are no longer mum- 
eeptible to the detrmfive action even of dcfdlid wafer, mediswlved 
by the specific ha-mo!vtie serum ami mn t„, th,,r ,mn m«f mrnm. 

1 ilppriiit, from ft*** M»<t*ttt*hpfiftr fiirtl WortwifiHtr , iwrj t %» ft 

J M Mnttlw*, Ktimtimmrnllm f felt mg mm Vtmp «l«r 

niwl Vo I 

8 Aworriing fo wwtit mvmtimtmm of fir, Urn 

hy (itlmimm mtml hy liittt kiritify m mm 

awpomi* ti aim ocit »bfa to urturk bk*Mi»«»U*, 

urn 
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Although wc i ran entirely ran firm t liana statements, we cannot acrept 
Matthen’ view, according to which tin* solution of the fi\f^i blond* 
cells hy pancreatin is conceived as a digestion, flu* Itnyem wbtfjmi 

acting somewhat like an immune body, Tin* striking tact flail 
the fixed blood-cells dissohr even in their own serum appear**! 
to us rather to he the result of the union of the mercuric chloride 

(which adhend to tin* blood-cells and prevented fids soIiiIkhii mill# 

the albumin of the serum. The experiments marie in fins direr- 

lion at the suggestion of Prof, Ehrlich have completely 
this view. 

Following tin* procedure of Matting, I employed raid tit blncx) 

which, freed from serum, was mixed witfi 11 ay ends solution in t lie 
proportion of 1:1. After standing n short time, the blood \\n# cen¬ 
trifuged ami tlic*n wash id three or four times with IFH.V , suit *nlu- 
tion, Finally it 5 f t HtiHpefison of the fKtd blond-col |.h in H«V r . 
sftJl Holntkm was prepaml. The corresponding control win* ttwlt? 
with normal *V s r rabbit blood. 

lit the experiments 1 ec of the .V # blond mix! mo* w n, n el the 
fluid, after the addition of the reagent being made no to 7 rc 
physiological salt solution, ll \uo found that not on /7 /o d* rabbit 
serum, lmt even rabbit serum « h n U faot fa * n mm hath *t b f ho ij >sn 
hour# hmtiwj to f»(P (\, m well as rabbit serum u hit h loi#l fa * n ddohif 
with it ft vo! otto ,s of phyninlatprol mil *wlnt<nn and ih* n fa 1 4*4 on* 4tv*r 
was still able to name solution of the ft\*d rabbit Jloud*cJb; ot§#T# 
cc. Hertmi earning complete and iilinief in fannmeom 'olutmn In 
this case the toxic action of the rvrmn can hardlv I r ’hough? of, 
The experiment indicated rather that oilier kind * of .nbum* e> air 
the cause of tins curious phenomenon, If the mu* **pt ##ti ohih I 
that we are dealing with a combination of the in?nun with fbe 
tfenartn it should be possible u\m with oilier means whwb 
the ttierrury, to cause n solution of blood *ee!b fixnd wi*h Havcrt/* 
solution. As it matter of fact this can wry m tly be dour 1 * 
potassium iodide and sodium hypo ulphite for thE ti.4 and found 
that extremely small amounts of these Milofnueo* neo-r immediate 
solution of the fixed blood. ce, of a 2 H , K| mint ion m 

physiological salt notation or 0.0f)O2f» of a dititlatr hyj mulpb/r 
solution miffieed to completely dissolve 1 re, of our t %*; fbwt Ho ?4 
8Uaja*rwtond Thu panitmltj »hmr» that thn funrfam of fir $*tnM 

1 With normaf rabbit blood, fCWO 'JfifMf fttinw the amount of Kt tit id 
imlphit# mlutimi still acts iwlifcwtitly. 
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albumin in thr # 17 * rim*'rife mn<t*- f.y Unith*-* w fW nhuh wr tvrmm**L 

It iiiiihI thrrriWr hr I’iitw’bi*!*’®! thiit 11 n^ hhw#i r rlSa fimml with 

Havri»h lohihmt <]*» unf »I;’vm1v*« sit vnh*r tin’ fttrtrtttw 

flllitrpli* Willi uhirh !hr\ Imm* f f tSliKifi# 4 ! thr r rap«‘ mj thr 

1 hr run uf fir*- hr tlmi ihr - «»Mhtr ; uh .t;mn - t 

<MC. thr Imin i|Ti* 4 aft, hmn Ml 111 *Mif4r rMffhmntUMi V* III* ftp* ?«M 

ftirr Hll**n*|r, at S* MihriMH , i.M'ArVrr, fM 4 : Ml J* |i* thill flit* IliiiitiM! 

niwiihranr *4 thr da mijiLy tin ih ii sr thr h* 1 

mrrmry mI« an*! n jtfrnf;?’ # hr »h ; h* a a* *rf fhr hi mm* I 

IllllttiT. K« tfiM m if !^.V', r* M i/fi3' ail M'rtay* ; ahi«*h hfr J* 'ly thr 

itirtviirv mu* a a I r.a a ** a f i h * r nihiiimi #4 t hr ha* 

uiMghihiti, 11 ir t*m * if* 1 «*r lips i - that thr * h *aiis!a fft’i, wfyrh sti the 

livifii^ Mat?* Pi* 4'fh; mu *4 h tium p**l*Hi ha i h* » H hilt* 4 

lij thr , ilhlifiiaSr ffrMffirPh 

J ffilii fly - it S' «n’ ih 1 '*>!? flail thr M*hjt j«Js * 4 fh»* !■ i*'4 hp**»4 
hy mt'tti **f fifilWft'MHf aa if I s 4*' 'MthrP la MM*hr , I. fiMf ft* * r 

rti$tr<i<<i a * it ^f>r* ir.>- *4 *i m ■$:>**% la *a v ***a I? ha■ ** iimii 

iainfaili^ ffifitifli uJhuitau t?» «• ..|4;aii fhr i$*'f mi* n« t** *Mf 

viinv * I %%:* ahlr *m * uttfbXUi thr*. lai thr" *• -! if i ilfir M lt\ w!,a* Ii * h»^ 

ha*mo|ytir iaip*ii a*b < r***4 3a/ n al ay *»f uy?I mui 

emit III ?a*h|t P 4 %% y « ‘ rti* 4 Hi I#hr Ili;!fll|t'f' ti /** #| fh* '<<4 J *•>» !nuf 

prttiamxl^ I#### l,#fil*rl I## 1 \ 1 la»ar» 

III raiiirIiSf"l«ii It hr that * IuwiIimH mith | ‘ 

llirmirk* rlllf#ri«Sr ^i|tll«in Hi ph%nuih^ir^l *ai!f Mihjt'-tiff Hi Ir.ai fif 

with Ihiyiith tlmP, I hr hh ***4 n4|i #ts tMiri I*/ :»sfi«I ? if fa* ^ p*is # 

itH wui n |#iV#ri It# hr t*ajirr|#4, '{'hr * ii**tn4 t*^t•* nri4r' a # thr utw* 

t * in*’* with iiiiniiifS h!f#fp| $n all thr t ^.| m iu,, tip*, 

<Hi tin* ullirr iiiifpi %%if 1 1 Anfiiuifi, a -ailrtliiiii'# 8 ^iliirh thsaiiM > ii.*ifs?ial 
I ill Mf I ir‘i«fl m Hpifllpri - lia J|<y|w.| * «rf h t r4 Ih«rl*|l|f4 

f'llllhl Ililf Ill* rffrH *4 f Mil ; t k^|r i n4ph*^n <\ f)i| f | 

Mill 1 'I IIIM'r fli* liiiraarv ahainaa %h at a I thr *haaj hi *m4 ■ 

r!*!!<•* art* ta* hmifrr % uhirtahir w# Pa- *4 \hr hhr 4 j i^-t**** 

Fo i^iilii IS}#, iliav *atv that )tt fh# h|r^>| f rlh hai#hy»«i Aifli 

Uliyi*tth p HiSttfPHl it I i ?w»>h 4* f Im #>ih y,7v yyrcJia^ « 

which hiiuh rr lii* f*a>i|r «/ ?r,» In m*^h4 u n 1 4-rl: ipr 

mjmhh t(f nUrnttiH*! iiu^ >>n$i f** ', < •* In " 4*^ Iiaf4»^ ' fir 

hlmuhrrlh rami Ih* ? wiir#*4iaf * *P ha f#i*s//*H**n 

Uefit 1% ii! 11 in'i^h t!a* ilia rrv:if rf ** I'.jfrtiph « n i 

fUtltlg Ifl fhrv t»*r' r-M? fpi nrihfr j**j th - *|mi H-p ^ 1 f 

friiilyrw Hu thr Mtifrr l?afal it n-* P «pciah th* * j -'iif 


be applied to a method of detecting smallest amounts of 

mercury. 

Sijiiheqiiknt Addition.—-I n ft rerent communication (Muenrh. rrsed. W«*- 
chenachr. 1902, No. 17) Matthen lifts cooiplelely confirmed flits resiilti of mit 

experimentH ho far an maimnaiian blood-cell* are concerned. Tlie furl tliaf 
other Hpecien of blood, mich m frog blood at tidied by Matthew, sifter Imnkm'mg 
with mercuric chloride, do not give tip their hirmoglohin even in fluid* nrh ifi 
albumin doe* not affect our view, but only point* In a In gh drtjrr* nf hnrdrnMQ 
of the frog-blood stromata which doen not frrstiit the i»ttr»|>e of the 
even in the presence of mibNtnnees a! ml meting inereiiry, Wr did not deny 
that the Hi romata eouhl \m digested by mean* of proteolytic ferment, Ontr 
objection was directed only to regarding the eacafHi of mn %mU* 

ration of a digestion, or of digesting comgdomeBti. 



















XV. A CONTRIBUTION TO THU STUUY OF Till-; lOISON 
OF THU O 0IMOX OARUMN HIMI)KR.‘ 

Ilf Dr, R%* iih, Amwsiafii *t the Iiwliinl#, 

Tin; ntwYw* in h«*m«lv 4 ^rumta fitly kwfiiftg fwee with thednvelof*- 

roant of the ifoefnne of immunity, lime 4 mm it flint iifnitlnr* the u*iml 

i>l()Ori pnimUA 4«irjiiy «lrfffinl rfirfuirall) f there M allot hrl 

of hn*m<>ly?4ri$ of ntumal or vegetable orkr n whirl* exert their dnitnii^ 
ing inlliiHirii like flu* Uy eotnhmmtf with <«*rhitn <1*fimfii 

group! of the }*mfo| 4 ;iim. Ineht*l*d in the* urn make *, mom, iiiim^r- 
oiii haeteri&l 34<*rrrti«re< iifirli a* ft f atsoh in and ,4 rj 4*> loh 'in* fox- 
albuminx of higher |4iiiit*s im erntm. tu*mln lion there n 
the m&hm aerie?* of h,midyuin* f both normal and fhoee }*r<*lur««l 
at will lif mmmmzttvm, whirl* urn found in the Mood wrum. 

Of till! IttgWl iisi|#»rtiinrM fur the r<mee|*tinn of the imtlarify 
of them* Iitood |*ai'<orw mm fite fart that mdy :mth hhmd a tin r##r Mrfm 
miitw to them hmvdytin* whteh nrr mj*M* <*f ntubmmj them, Thin 
fundamental law, whtrh %%m ftr4 iwitl elrnrly formttlntedl 

by Khrliah and Ifftrioirtilti f hm emmtmily been eonttmted, e**f m* 
dally lit the utiidy i#f lift mmm tmtiutvain* nrfifirkilir pftnhm^L 
An a rmutt r#J this the nmte uf miim n/ the** jmvmw m m tt nn of the 
loxim hm hem mmne*d frmm the Mttmtfmnt of th* nide-ttmin tbory» 
#l * * * the pmminmts and the mm® of the j«m moeu nrtinti in 
all thane mnm in the prtmum* in the Mond*eel1a of fij*}<roj#mte rm«jrtnm 
(mfa chain*) which fit into tM|«to|»hnri» grouji* of Ilia toxin; emt» 
vmdf 9 tharafnrn, thfw in an intimate emm^efmn fnitiiriil 

immunity and the nlmmee of ** (HhrYmh ) 

If in avidnnf tliaf the ntndv of iIim «f fin* 

toxm-like hhmi \nnmm nf yttml HVMthmv'** for the ^fntly af ftie 

1 lt#l#fiffl fw#i«i iftifRtp itif etmmmlmu u Vu\, II, 
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COLLECTED STUDIES IN IMMUNITY. 


causes of this poisonous action. Such a study, moreover, is cal 
lated to extend our knowledge of the receptors and their phye 
logical distribution in the animal kingdom. While examining 
extract derived from the common garden spider (Epeira diaden 
I found in it a haemolysin which showed itself particularly vs 
adapted to researches in this direction. 

The description of a complete experiment will give an idea, 
the method of obtaining and testing this poison. 

A garden spider weighing 1.4 grams is rubbed up with 5 cc. toluol wa 
containing 10% NaCl and the fluid kept in the refrigerator for twenty-L 
hours. Then water is added to make the total volume 25 cc. and the mixL 
filtered (or centrifuged). The haemolytic experiments are made in the us 
manner with this cloudy, brownish-yellow filtrate. Decreasing amounts 
the poison solution are placed in a series of test-tubes, each of which is tl 
filled up to 1.0 cc. with physiological (0.85%) salt solution. Each tube n 
receives one drop of undiluted blood or 1 cc. of a 5% suspension of bloodl 
physiological salt solution. The specimens are kept in the incubator at 37 * 
for two hours, and then in the refrigerator until the following day when. * 
amount of solution is determined. The blood employed was always centrifii| 
and washed in order to remove the adherent serum and so exclude any possx 
disturbance from that source. 

The Arachnolysin, as we may designate the active principle 
the poison solution, causes solution of the sensitive blood-cells ev 
at room temperature; when present in certain proportions, sex 
tion occurs almost instantaneously. In this respect, arachnolysin 
somewhat analogous to snake venom, while it differs therein fre 
the hemolysins of blood serum, in which, as is well known, actx 
haemolysis is preceded by a longer or shorter period of incubatic 
The more exact determinations on different species of blood wc 
made in the usual manner and yielded the results shown in the f< 
lowing table. The amounts of arachnolysin given in the table ref 
to the original solution, containing 28% of spider substance. 

As can be seen from the table we are here dealing with a hcemolys 
of extraordinary power , the action of which on the individual specy 
of blood , however , is very variable . Thus a number of species of bio 
are destroyed even in dilution of 1:1000 or 1:10000 (this refers 
the original poison solution); others remain unaffected even by lar 
amounts of poison. Next to rat blood, the most sensitive vs? 
rabbit blood, for 0.0001 cc. of the original solution, i.e., 0.000028 
spider substance, sufficed to completely dissolve 0.05 cc. bio 
(=200,000,000 blood-cells). A garden spider weighing 1.4 g. thea 
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Arachnolysin. 

Haemolytic Action on the Blood of 

Rabbit. 

Rat. 

! 

Mouse. 

Man. 

cc. 

1/1000 1.0 

0.75 

0.5 

0.35 

0.25 

0.15 

1/10000 1.0 

0.75 

0.5 

complete 

( c 

11 

n 

t ( 

( i 

i t 

almost complete 
strong 

complete 

11 

< t 

t c 

11 

C i 

almost complete 
strong 

complete 

it 

i c 

i t 

almost complete 
do. 

C ( 

strong 

c < 

complete 

t ( 

almost complete 
do. 

moderate 

11 

little 

trace 

Arachnolysin. 

Haemolytic Action on the Blood of 

Ox. 

Goose. 

Guinea- 

Pig. 

Horse. 

Sheep. 

Dog. 

cc. 

1/1000 1.0 

0.75 

0.5 

0.35 

0.25 

0.15 

1/10000 1.0 

0.75 

0.5 

complete 

almost complete 
strong 
little 
trace 

0 

strong 

C ( 

11 

C i 

tt 

t e 

c c 

moderate 

11 

0 

0 

0 

0 

No haemolysis even with 
larger amounts 


fore contains sufficient poison to completely destroy 2.5 liters rabbit 
blood. Remembering that only an extremely small part of the 
spider’s weight is made up by the active poisonous constituent, 
and even assuming that the content of arachnolysin amounts to 1%, 
we see that this enormous activity indicates that the arachnolysin belongs 
to the class of blood poisons which exert a powerful action after the man¬ 
ner of the toxins. 

The same is indicated by the marked instabilty of the active 
principle. Heat readily destroys the arachnolysin, although a higher 
degree is necessary than for other haemolysins. Heating to 56° C. 
for 40 minutes does not affect the poison solution, and at 60° C. 
only a very slight reduction of action is noticed. Complete destruc¬ 
tion does not occur until the poison is heated to 70°-72° C. for 40 
minutes. Arachnolysin is easily preserved by the addition of glyc¬ 
erine, showing no reduction in activity even after months. 

Experiments, designed to show whether normal sera possess an 
inhibiting action on haemolysis due to spider poison, have had nega- 
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tiv<* rmulf a; fhi' .hi‘H i of man, rabbit, Ij »itf, thn% rat, irniima- 
pig, goat, tdtorp, ox, arid pigwift, marina?#-*! by tmatifiii; to 

Sir (\ in onirr to rliiniiiiiii* any j*oxdbli* poivotif art ton, mwt* iifin!#|i» 

e*vc*n in amounts of I,ii it to prn?« r? rabbi? blood A\ r u\n f jn >1 a r#mo 
plot© hoIvhi! do, i* of unirtifiol) -ill, 

fin f ho of Iht hand, f ho of f ho j*fiaon’ hr Ian ior toward 

momthm and in rimln r roll Lao ymldrd n* m!n of j i<* ol 
in minim lion v. it h thr mojitur thron. I »*r»aiii "pom- - of hti***!, 
^indi m dm or ©miim-p;© Lhwnf, ham daoift ?hmi oho''- iimonit** 

to f|*r apldrf J4I| oil, 1}||« 1‘rtvHlf, !h»* fl|o» f fa\Oiaf i|r t Ofiiiifiofy 
for .Hiud>ui| r ffit # relation/ liHmron j|*r londoiy of j*o oro atid ilmr 

notion, Tbn j*o»nf, a, \w ham mii, L of fli«* grvnt% f jm]«4rf;mr<* 

for tlir vt§a% that mritfti kHttolvoim an* foui* him bodm 

If i$r?irlniiiI)Mfi to it blmwLf#m*m ^hom a* iiofi a* dm* to ftp* airhor* 

ifttf of II rorflilll lilljiftijiliofir yrotlp In a rrrrptof of ?)m olmtno b!o«jd» 

«•!!* find if, to thin flm antimfoiv **( return **»*$• pm 

nf blood L lino to n lark of apprnptm?r rmpiiira it follow that 

fill* HrtlMtiVi' blood- ri*Jto f!M**f I,-I* abb* til I ills* j flm ;t< In r prifmph* 

nf Piii’li ii j*omm ii«}tif ion s wfttlr fim ifrmmfn r fill 1 1mm if ml inly 

utuifTrctwl. 

*%i fur fin tin* mmwH’wt* him*!* art rfim-mi#*!, the ftfrlltctti of 
nmkin# f!io txj#*rim«*nl m v**ry »ifr»pl«’. l^m \hnn\ m ftsi\«*i with n 

rmfiiin f|iiiintity of amrhfio!y.*tfi, in tin* mmhntmr for m hour 
iiiifi friajiionfly xtniJcrii, Th*ivtij#*n ttw* wliirli, of rfiftfiiin m 

tifi«dt?tiig«J# to pojtftritfidl by itii-iniP of a tniirifniia Tt§© clwififwi 
fliiiil, roitijtfin^l wif Si If to original fnjtt«*rini» *how* not tho l«t#tf dimtfiti* 
iii in of ifn mivimi jittmmr on mbiiit lilwI-ridS** This »/mmm llmf 0m 

i nwu*rt**r tlmf hh##l ia h*4 *tU*' to Imuf the- arwhtiatysm, 

III fliit mm* of flit* iMP*t»!*Uivi* Ibt ilntfftirifftmtittfi of ifig 

itifiifiifiiiii j»» f rr m ttiiirli nmm iliiinlf* for wti«*ti tmtmi in 
t piitiittf mmrnr mm m Ifml if m iiii|<^liSf f«> mtfmMist 

Ulmmiomih md fltiiii If© rati thm ntily openit* ttiffi fl» Inky filtwl 
wlufiiifi, fit® lmrli%iiy of m-lisrli {n-rmit* of no «Iir«l 
llnit a bimlinK of lit pnfamn by mmfin of ft^opfooi tiail 
l wthmrtmm% if ftio \mmm M%h%imn hm tm4 if# pint $m 11 n*nlf 
fif tint fttiion ftlmnly Unro to no by wfiitli ilito mu 

Im dtimmmmL ll mm amvamry, itirri4nf#% Pi rfiijiliif l#l«»l-«!ll 
tmtimnl wlm% liiwl Imm trnnlm nndth* mi fur m tin* t nnS 
of liic tiiwfi«ly#to wwm mnmmriml, Wiffmtif # ktmmm 9 1 mimg ite rti«*i»il« 
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which we mean blood-cells deprived of their haemoglobin by swell¬ 
ing and then again condensing the blood-cell residues. Ehrlich 1 
had already (in 1885) pointed out the importance of this true pro¬ 
toplasm of the blood-cells, and had termed it “ discoplasma ” because 
of its peculiar character. According to Ehrlich, the main function 
of this discoplasma is to prevent the escape of the haemoglobin, and 
he therefore ascribed the diffusion of the blood coloring-matter to 
death of the discoplasma. In agreement with this is the fact first 
described by Bordet 2 and afterward confirmed by Nolf, 3 that it 
is the stromata which bind the specific serum haemolysins. We 
could therefore assume that in our case, in all probability, the arach- 
nolysin would be bound, if bound at all, by the stromata. 

In this Institute a method for the production of the stromata, 
which differs somewhat from the one commonly employed, has proven 
particularly valuable, especially in studying the receptors. With 
the usual solution of the blood in distilled water, the separation by 
centrifuge of the stromata condensed with salt is extremely dif¬ 
ficult ; and even with suitable species of blood only a small yield is 
obtained. By previously heating the blood we have found that 
the subsequent centrifugation is made considerably easier (perhaps 
because of a kind of coagulation of the blood-cells) and that a plentiful 
sediment of stromata is thereby assured. 

The blood employed is heated on a water-bath at 50°-60° C. for half an 
hour (depending on the species of blood, ox blood 60° C., rabbit and guinea- 
pig blood about 54° C.) until, dark brown in color, it just begins to become laky. 
Thereupon the blood, made up to 6 to 10 volumes by the addition of water and 
shaken, is mixed with so much salt that this amounts to 1% of the total amount. 
The mixture is then strongly centrifuged. The stromata remain at the bottom 
of the vessel in the form of yellowish-white masses, and can be washed by 
repeatedly adding NaCl solution and centrifuging. 

The stromata so obtained have preserved their receptor property; 
they bind specific serum hcemolysins, and also , when introduced into 
the organism , excite the production of specific haemolytic immune bodies . 4 


1 Ehrlich, Zur Physiologie und Pathologie der Blutscheiben, Charity Annalen, 
X, 1885. 

2 Bordet, Les Serums himolytiques, etc., Annales de ITnstit. Pasteur, 
1900. 

3 Nolf, Le Mecanisme de la globulyse, Annal. de Tlnst. Pasteur, 1900. 

4 It may be recalled that immunization with heated bacteria has been suc¬ 
cessfully practiced even from the beginning of the study of immunity. 
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Iln* hii flint iliri bu- ' u>frr*’<i ;t Mfinm own t «* !n.* j in 

flit' V j*< nttiW* tf t ?M‘ * \0*fj rr IliJIIll! jMti *♦» Mot’h f hl'V 

!i?iVf in<rti Hlhjn fi*(|, Hi f)M ;i!f* * * . 1fa*!/ iff #1’* ? « Ml * ■ *! 1 .?■,1, Js ? / * 

I« ri lUf lit 114 fill' , ,» * in f M if» I if • - M! > 'j f Ml* 

fiitf tif ;u? tjtt ttj r* i r jtfm ais im i ;>;J jm j i>U }< 

lli MldliT, f?il!).*-H!i«»t* . !m 111# H Mf t M/ * #.MjMif : fo« * i ' I * ’.Ml 'tj J». 

fiMii of fill | it it tin i * % tin ' f ft if mil ;* t \:t» I’’ iln* a*1 * «*n4 ,i 1 , f * 4 f « 

ififfi*. ‘uiv ?irt*|»* iiiiiiliriiit m ? i !, %‘jh u Mmo 4 ?4 Mr * u *v>".r M*. % 

fill*! Vi if It HJjf' ni ?!n* 4fj » L J? < *»* i bi * V ;i t* I r *' * 1 j* ' * Mr 

jHiffirf, nM»jt I. 1 .M -1 i hirKlv ’t-ii-iMi ?*:*» »; * 4 I rr t f .** 

runUol. }’i; y mbj^Si f* not 4i -■ Mu 4 In rtf',*"* vt]v ao 

u'* u 1 i**I 1 hi 4 r??jvr nf art nnv *4 fftr f^if m> h*4^tr ;n**i 

ufi*>r bsf^lifif ua fin m ur* 4 t*v »4 faiMit !tM«| 

1 Ip* ►! ffttunf 4 fji-tlilii* i*n. «l* tj *« 4 ft<rtu • v h *<f l*J*» f »M i? I M 4 |*,«1 |f-^ hms-;4 

§»f#| 4fr M*j**’ 4 * >4< b l f l ' •< tJ it# if p M,*m »-*U 

rr * tilli* f'i jsff * f« J% 4 4r f1 iU ‘ ** 'I * <* ? 1 4 m# 

ffi ,ifi’ *1 f»4 I#:iif 4ti liir-jf f 3^" -i 1 in 1 l*lf^ f*‘ 

‘11^*^ 4t»* On 14 f» fit l # f i^r4 | !»f' ^‘4 T, <>4 IM 

ftfSiiitjifii m| -i j^if 11?M l*! 4?» 

*-m! ■ . Ifti f i * * Um*.-I ill »4 > - f|r 5 ** 4 *§<*§4 l?^Ui 

ill* 1 14*4 ;*i a 4, «v|4 *hf <a| t rf J; fV^l |.V i hUt* h i ^ 1 l*‘’ | «i*» 

4* I W‘f| |jp f 4 1 <1 a * |f * i » ,( f», ’Uif I* .» .* ,» f|Mf 4 im|# 

flllflsil |i|i«#fl 

III i* i fi»* i f rtiffi if,? <n 4 ia.i 4 *ht‘ < * v a, ^ ^ iftMiii ! r i- *i% f tjnJlf 

l/Mifpi ihr ai.is fav?i 1 its hkI 4 1 4 1 ^4 fii’i M » ft 1 ir*i« 4 a* n 

t 111 fill* III f ifsr in Ml < * I * < of 1 1 1 * 4 f i * 4 t>li 4 > 4 ® » * | f s!i < i 4 ’ 

f I ( 4 ? 1 la* 1 f 1 t f' 4 > ** * I t 11 u« ' 1J tl t * !•/ ,J */ ',!?< 4 f lift 

tin* mm tiia h it *44 h >4 i i i ti «* f #-4 4\ * ^4444 4 

In li '4tfSjifJi # Hi ,§< * uinata * ?!» U 441 Ha*4 \ * 4* fif# hh<i» 

«*f ajif itp*Jpt I 11,4 *4|$|4|VI /1 ^5" ^ 4 I ||4* 4 **’ tfi filf 

fill art 4 #fi rtf ffp v fifa® mi# In <4 *rfUutt 

s|*rr|f^ Itf IiIi^kI \\ i]\ !l»*fi * Mf |4 j«4^l *** 4U 4^ i!4# »4 4t44*»f 4lfll^ # 

riwjitnr^ IV^i#4 i'fniii iJaMba! *4 s* >***fa**? miablf* 

of \*t*nimu ararliiifiH^itj at l^rt mi fat 44 fM f4*^*4 ^ ^ft r#ti f *4, ^ 
not i 4 i4%<r’!it fbrofifbi«it i}n mnnml St*«f »4 n# iiflaiu 

4jfr*4i 4 . 

*V}||}4 tin ft1rrmS\ If Pt^/4^ r 4 > a4 *; *o 

*<nirt4ii#4i'^?ii a .1 to tbf 1 n* ^ n! fi i%i4rii* , # f 

will iiiinlt* l«% 4# fist inf |l« tl^ff «| lli#* 

p*dmm in ptmim* nnitU^it^ f}^* iif4^iif#in rtJ* ft* n f«rtf tli® 
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toxin mi*W' of any Hilwtutirr. Owing to flu* M'urnty of nmfrrml 
tin* i f Ilf IU f 1 1 /I li If #* \ fti'flfli* 'I if * W iTi* Miflirwlia! 1 11TI i \ r«I » t hoy will, 

howrvrr. br * with in ThuiI at tin* |>roj*rr fsmr. Nrvrrt lirlrrn 
1 ran itMiMtiiirr flsiif Tmfilv Iwforo tbr ronrlUMon of this work wr 
ptnrwirT, hy mmm of a ,4torf tmumnimtitm of gmnru pit^ 1 with 
gariirn->pj*lrr jionom, to proilurr u high«gnnlr tintitoxir nrrniii, of 
wlurii rv. Miffirnl In fully protrct (Mff* rr. rabbit bltwwl lignififlt 

aromplrtr nth nit ilo*r. Tin* pro via* tbr toxin imtiir** of ariu'lmolysin. 

ill niiirliiMiitJs i rhouM lik*- in rrfrr to thv riTnfIf*iio whirfi ururtuinly- 
Fin IrufH tu «hut \\** know nbiiH *pt«Ior potntm in gmnrmb In tiding 
m { Hiial! (ulhm Ivibrit * who twuh* thr fiitnbiniotitul sltnlirs m thr 
toxirologv of iitiiiiuil ami \rgrt«l»lr jutEon.^ nn«i tn whom \vr owr 
nio>t nf our knowliilirr f’«*sirrrnmg Hphlrr poi-mrrr In mlfittion to 
flu* trur rrjrtion of \hr i»i?-uji fS;in«L lv*ln*rt *11 t mtmb br %< “u tovn! 
lititnili m LHT*? j*numatr lh** out w f *oiJ> of Ih*< pi»lrr <hhi f hr IrE* 
mill bnt wbmb I* at la* tioi'o an ivlntioii to th«- pm on tTnml 

In Hiinr ! itf ri*. of ■ |4t}rr *Iji- *tilf im\i with tbr Hntol poi *»ti 

AtTof4«itt to KoUt*. Hm umir fir.albnmm pot into thr Hontnl, fir 
atroiigrr irr fhr i onTjtii*ioi*nl vtiifitojn *.; fIs** tootr f nm fTmol pm on 
tin* wfpitfffrf Shi Jural rb;m/f <• Thr lutin' j s r prrhtlly thr ran* l»i thr 

llif hro*|rr f o . ’prip*' i f fcttrtikutU | \% h* h ** 't iitff pioriui v s 

Hio^t f#i4ffiil 11114*^111 ^) lORti iff ft-, mm nblr to kill } ** briti|, r ^ 

In thr*r Hr' m\i%U*\ 'orfriioti iS»H|rriiiir- ottlv liliHi tfiix«*4 

with «Irnv*'4 from tin* \nn\%\ Ii» n mlraat to thn tbr 

utitig of tbr rjmh-ti > pEii r imutio r f , only loinl ^vitiptom ^ of irtiffitioir 
iilt}io?ip , l' *fir rj44rr rot#tain ^ n fn\fiiliti#nifi v hon* ml ion E 

Illllilo^OIl to fhf* | rnttlilijf; blit I III ^ rtltafftnrr *|or 1 Hof broifir* 

iiiixf^fl tli#* rrr*’t b*n 7U» tin* lai -«% it ? %r?\ lilo'h 

flint t}jr EjiiiiolyTi* $I*n fil«'4 by h i t* %%Uh fin* Itixallmfiufi 

u\muly lit it tivn to |{o|j**rf i for \%v nho obf ainr*! it from tbr bo4v 
ftitS^fanrr of tbr pml rn rjmfrr, ami fontnl i<-. i*wpnUou to br tlio r 

of the toxin. 

AtiWIKO# ox llf'l'l^icr* ^itpi* riiflisi^ ill tbr fwifitr*fifrf of fin-*? nimly I 
favr Iniffinl of a Ey i ilnfi* *^r /or Rrnntor^ *Irr tbft fmio* a, 

HtiiffpirE ItMtll iifiirti |»i«* *4j*j*ram! ffi thi^ mi tlir 

In itifilytir jpiiofi of flir $4 Kmnkortr^ aiwf nf ifafiti n ?*§ipfrr. Ho 

' IlHtr** altbingli giin»#n jo|^ lihnl s*j m >*’14 a*b r to m 'w hnoly atr iifiirrofiipiii 
m*rj4or« riijfiiblr of bimiifii If*#' firr-.f I#* in llir fug or^itffifrm 

out^ulr of flu* h!*#»*L 

# ICoWrl f l*i*lirliiirii ilrr Infti%r;stif IVIl| f gr 
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that althatigh hr futiirl (hr hjfn**l>fp nrU*>u t«> I * 1 tu fhr l.»ff«r, **tt 

wiu ismt'h Ir^i fh.m that at Karaknft* > j»iini*n " If n J**".bmnrr* 

that Kiit^rf fii;pfr (hr r «*n|«*riiu**t4f’* *»u mr mI I}**' *4 t 1***1 hiiiinl |,y 

III! f«* U' )ftr4*t*M(m< In iMJM'hsiMi) ( Hi 14*4? h *l'<g hh#*l ’ If jr*f*y fjifft 

cmr gardri* |*rirr t xt rarf hit r*« mh an h^tinlyv a*ti**t» ll,r hanil nr?* ■* j^i?**?* 

tr^Inl hy 4ii4«’ff iii l hr- rr-|»«f 1 *I.*raM ah«* Iihr ?** «n*t If,;*! f t *r f| rf * 

h.rfimlyfir «*\j^'Hfnriif% if h lusmknf!^ vml *h-g ! Im* 4, chilli 

annnlifiK ft* imr fahlr u* fhr rli^ *4 H»*4 *j«*< m**. unir*** u t gar rim.. 

p|»i*lt'f j**4’tiii fVrhaf*. m «MiifnTimty v*i*h th*< »•%*■*inu* hi .ih'gy h t<*Hn 

thrw* fm*» f pith r f#tir**f|fi 4 f hr hut ihurtm f#» im*h 4 far ftrsifr? h;t ti,r* 

tyffr ;i,rf|i*n Mil *if|,rf rj**jm * ( )4*«4<3 fl'-4 4'tV h n»(>"w f\*|t tntf I hill II l<4**fafr«* 

raft tr rr f .ihlr-hrsl again’* Kat ih'irl* r 3 J**|‘"'U a*» *r45 at ag.nU’ ? ganlm 
fKirnii *rry &•!! vuth fhr nlm *4 .* *t rung ,tM v **f*«rn 4 f.pi n*!n&lly 

tihwrtf’rf hy tin. hum? thru me? hair tthiaumj rm h # #€4nlii Mm* m r&hWif, 













XVI. A STfDV ok TOAD f'OtSn.V.i 


By I >r, Fii. i'lnwi iiwi, 

Thb numerous investigation* concerning toad jtoiHon which have 
Ixi’n made e.-peeially by I r*-fi«Ti and Italian worker-, ha*.* it**? *>«f, 
come to a definite irim-lii,don a** f<t whefh* r the* ■»ib"t;m* , «* .-i* ;»jj, nlooT 
like <»r toxin-like I he skin seen ti«u > of the ddh r* nt \ nr }**»<* <4 

toads ionf am a numla-r of hndic- win* h him- not thm fur l« * u 
In the garlic toad, for example, th< r** ’.■> ,i • ub -t.in* <• of yarHO, v 
which has n«*t I teen more • identified |s> "id< ■ *h< , »•»..m.j.i.y 
to Calrneb, toad secretion contain*. ircti**,hart*v k»m*M< a- nj ,o,| 
n« thylearhylamm, which are void to ,»*•* .t.i.-n**■!*. ox t) * x« f 
system. Holier f applied the name "phn tut/' t<* a at.**• v.h 
irritate?* the mnenm membrane.* \« ry inten * !), H , «Je, 
Itertrund claim to J.nve i*t tinted nn tdhsMd from the blood u-ntti 
of the common haul, hut it remain i doiil*tf>il whHh«r the '-tiMme'e 
was not a toxin, for thev Hire tmahle to produce 4 t m theme idjv 
pure form. At the eomlndon of the»r im •* f oration* tf.< v then* *•]**•* 
nay that the poisonous action j* not due entirely to the “ 
loitl.” In like* manner Jornnrn mid fiwdi claim to hat e Pr.p,t,d 
“ bufidin" from dried toad i<oi»nn, They rav that the- form *, m tal 
line Haiti* and must therefore he an nlknlnid. The alcohol**- * 
of toad skin is said to have an anion similar to dtgtMri | Vh, 

found that toad |x*ixon change* h;emoj?lohi»t into methiemoploion, 
and that if also dissolve* the htomf cell*. outrode the h*>dv }VJ;*.*e 
has not attempted any more detailed inievtijrnfion I torn the 
abstracts of his study at my di< j*«»1 I wm* unahle to *|« «* rimm* the 
species of toad u«cd in his c\(*-rimcnM, 

I he object of the following imi^tiyafjon a* to fnrnhh » email 
contribution to our knowledge of toad j-tbon. At preens there 
can hr* no thought of any exact anal*.sis of the **« 

* He print from Ihatrage *ur thwomkii u. futMutw. v,i t 

m 







* '*» m 11,11 ki ! i *n. - i\ j \i %f | mi v. 

■MfJftMfi «»!■■' * fill \ I M V * 1111 , !’* If *>»»%*. 

Iln* fluid ftfu hii ii ♦ *»! ',ii ?nv «'\i,rn?i| S * # M, d*‘riv«-»l from 

l»nuIntmtur ,,/if ■< . )!,-■ Ilf.' iMK.j. r.ii'i ft.an 

»rufil.'n I'ltni. In nnl. r tu flu }••,■: ,.n. it,.' i,,n *.f i ].,• nh'i.uui-jt 

;it|i| l>:n i. Ilf ;i ff. )iJv <;tji(,|jv<j t,i;.<J Ail i| . ij, J,,« !l,,. j.i(, ,,J, 5 

iii l;tr,'i' t Jiiti-nmt ,n it,.' -I it, ll,.- 3*- j-j. w,.| ■ ,- r - nn ,,f 

the tin- iii.-ni ;ij if >iijitnni -In- ]'*i, mi. Lnt m •n,,4J.r jsi.aa■ »,, 

\)'t.T *>,*• K.n- th.iii.iici.b nil r.| will, I a,-, 

.il f |ti*ili «■'!,■ 4< «<1 :i||,I Ue ■ \. lU ;i,< ffium 

HU .'I With Mill '*]i|( :h|j i 3 „.|j III),!.,,] U, J,!aij|,«,**.-i 5 .'..iw 

I’" ')*’!*■. ^.itli ]>.ra<i< )v<i ; .\fn-r nl Imy j I.,;; ■ i- j,j,\ . iuhintiuj 
Kill ■MlutHll) l! - !i|" 4 *UTV t4?,*jr.J <.r ' I'lilf if'4'.-ii 1 !,<• u 

)!«n<l !ni>i :s fri-KSv ;n ;>i ^»<*!-. ;» j*t< vi l win**' »u’«,r ,wj u j„. r ,,|,, (r 

{'inlirliy <«}«ir. 'i«iiui»l ahj- ;i44« 4 »> utin-, ,u,.| i|,,. 

n*«*r* *1 :it ttlit* ii4rii'«i,'»inr In il<«- mui,.' niaiati-r i ja* ],’«fi J >‘\lturt 
fruit I fill' (Till nf t),« l j.'nilii'li tif'di 

I h*' l'\ 1 t,!<■? i,| t|i*' .’ 4.111 ’4 Hi*’ lit* t'lii’l •. l,il,>ll»i<l'V Ijr* 

j.rnj„Tll. ; lli.it , 1 } •!,. fur. 1 ,‘ 1 , i*i:s<l it , • Il-.n-i. ,,„!*• it, 

(S.'C 111 i ')!,.< (nllmuiip i . tm„ i,i j, f.r m.lv *»« ?!„• 

t.m<l J.«n.nii I’.hnii. fur itiuri. v,.- .hull mil " j,hn nuh «, ” ‘Jh< j*,»»on 
uf tin- /.mil j, v,. \i,-4 in. r.’U t > ninjianiuji, 

i*hmi*i hi ji.h %,p 


rri*! ami*. rtronsr j-itj|.rli ly«\ :iu4 »ryj«i»«, mil r>*v it m » 

uliurl t if is#*, JirMiig if«- |,»»r>‘n«»ly>4n m-.-r iuihy.Sr.Mi* j<l»r«j,|n,n«- j M -n| 
»! r«*im Sriitjn-n.iun* w» „,t. ,* n:-,u nuR-,-. if s . 

**»«*. »lri'ii*lv m««n«mn«I, thr* fr.t»« iS,.* 4 m 

a fnint «r-»,I rmrtmt, t to J.,1 rr, «l.«riti..nii«l Sye 

fur HHilriilijMitioft, »i nttilni lw nmwu*l itml lhi» arkl rmctwiti 4owiy 
liiKtroyit th« t««i«. Th** •|i*!nirti«» «»f tfw* to^in, liimr>vi*r, 
in tin* sinn* limn in neutral a* in fr**!4y nml noltiiiuti, «*» t},«t the 
nriij i«m r»nn«il any RTriit iniiu<*ti«’e. Tht* l»»*iin*lylii; 

nrlitin is the unmi* in ari*! iw in neuirnl w4*ni«»ti: 

'I S«* l**i |>rm*rvittiv«? for t.hi* Ptilisfaun, t* «»4*iol» first r‘iii(»!oy@| 
by KhrlWi for jttwrvin* tb* t*i|.| » ni** 

After a fittm the fltttrl lirninv* eloti.ly. t*i th«- tiun of 

Btliuisim, but it tnatfitaiiM it* hii*iu*ilytiii i istitmri* irml for * 
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a BTrirr or to ah rum^x, 

considerable time*. Alter (mm one to two timufliM fir film imlunn 

gradually becomes inart. Owing let tin* extreme lutulify of ffir tmm 
then* cun, for the present* he no thought of tihtuimng flit* iailw-fiuirr 
pure, for even drying at room temjieriUure weakens the fgttxoti nm» 
siderably Owing to lark of material, u phiimmctdogirid vxntMtmimn 
of the poison could not he undertaken. 

BEHAVIOR or TiiK MlfiYNoMT-SIX* TnWAftB MWKHKKT mm* ir* nr 

III 

The method of testing wm surh that n m*rmi of frsb-ttilM* wok 
prepared, each containing I ce, of the dilution l;|0, i ; 7JK etc , uy 
decreasing amounts of the pohon. IS.r dilute m * were m»d*‘ miff 
0.85*5 naif solution, To each lube 1 rr, of fh»< A » bl««*d - usp*-temn 
in 0.85*5 salt solution him added. Thereupon thr titles wet*- io-pt 
at 37°<\ for two hours and in the ieinpr*ra?or »*\* i mrM I '»m?o 
plcrtc sol tit kill 11 is one that on shaiilig Tea, no | *,d ?, eh #4 

any kind: 41 almost eoinplem " if then* $ ■ ^ tdi a 5chf -eduM-nt, and 
“incomplete 14 when ntinwron * 1 T«*4 rrJb roe nod 1 .'**p **d< Ilaa m 
followed in order hy °rrd, M "fop/ 4 # **' u M 

Commencing with Table HI all the experiments are made i»n i*hrrp 
Mood. 

As cun lie #oen front Table I t Tirrp blood C most ^ror-glv »|p. 
solved, frog and toad blond not at all The limits of dot mo fot 
aheep blood an? a dilution of hltrjIO in the ripe of j<ht wimUmo* 
I and II, and I:*11211 in phmmfvTii IIL In Table IV, tiertt'iwm? 
amounts of the? ftoison are added to I re, .7 ; Tier}# blood i ?j plm, 
nolyriii I, 0TKI2Xi ce, Ptifliml to effect rompletr ^ofutioo, of ft nod 
III, 0,0002o ce. mifftmi, find of IV, 0,1115 ns Hv dHerromhu? the 
amount of dry reddnr in (tobon solution II if 5 seen that fiiffffffff/g 
g. of organic eub^nnee atiffin* fo coinpletelv dt^ohe J *•? .v f d«r*j# 
blood. Of imhon solution III, fljilfllir# g, h.*vc th«* 'ntf^ rffrrp 
If wa assume flat onedenfli of the organic sub t frmcr v 

it in still les*) retirements true pbrvnnH in, tf?e re-t t^n P 

indifferent albuminous lmdi<o, we find thnt “v i(l tUi * t no* <n*fz« ;«*»«* 
to completely dissolve one liter of sheep blood, 

The yield of phrynoly4« h Mihjrri to indHidnaS fimforPimet 
Animals freshly caught yield a stronger hsmoH un fluiti tb#pe wfurli 
have been kept in captivity for Minm? time. 
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COLLECTED STUDIES IN IMMUNITY. 


TABLE I. 


Dilution. 

Sheep Blood. 

Goat Blood. 

Rabbit Blood. 

Dog Blood. 

Ox Blood. 

1:20 

complete 

complete 

complete 
“ \ 

complete 

top 

1:40 

i ( 

1:80 

11 

Cl 

Cl 

red 

( c 

1:160 

11 

C l 

11 

top 

trace 

1:320 

C i 

11 

red 

0 

1:640 

t1 

Cl 

c c 

l c 

0 

1:1280 

l t 

l c 

l c 

11 

0 

1:2560 

11 

incomplete 

trace 

il 

0 

1:5120 

almost 

complete 

; top 

0 

0 

0 

1:10240 

red 

1 trace 

0 

0 

0 

1:20480 

trace 

o 

0 

0 

0 

1:40960 

1 0 

0 

0 

0 

0 


Dilution. 

Chicken Blood. 

Guinea-pig Blood. 

Rat Blood. 

Pigeon Blood. 

1:20 

incomplete 

red 

red 

trace 

1:40 

red 

( c 

top 

0 

1:80 

< c 

top 

0 

1:160 

0 

trace 

trace 

0 

1:320 

0 

0 

0 

0 

Dilution. 

Pigeon Blood. 

Goose Blood. 

1 Frog Blood. 

Toad Blood. 

1:20 

trace 

i red 

0 

0 

1:40 

0 

top 

0 

0 

1:80 

0 

0 

0 

0 


TABLE II. 

Phrynolysin of the Common Garden Toad. 


Dilution. 

Sheep Blood. 

Goat Blood. 

Dog Blood. 

Rabbit 

Blood. 

Guinea-pig 

Blood. 

Ox Blood. 

1:20 

red 

0 

red 

0 

0 

0 

1:40 

trace 

0 

top 

0 

0 

0 

1:80 

* ( 

0 

0 

0 

0 


TABLE III. 

Behavior of Different Phrynolysins toward Sheep Blood. 


Dilution. 

Phrynolysin I. 

Phrynolysin IX. 

Phrynolysin III. 

1:640 

1:1280 

complete 

complete 

3 

si 

1 

1:2560 

tt 

a 

It 

1:5120 

tt 

11 

almost complete 

1:10240 

almost complete 

almost complete 

top 

red 

1:20480 

top 

red 



















A BTOtY III* T< K\U riilHiiX, 


m 


TAlif.K IV. 

IIehaviou or flirrr,iiE\T »*ivh t*>i% ihi» StftTt* liiJifift 


ci mm 
Cl 0(125 

0 (Mil 

o 00075 

o mum 

0 00025 

«l 0CKI1 


2'hryft<*Jyfttfi I, 

a I 

n*ii 

top 

II 

0 


! t hrytt» 4 v*in II. !*htt !»'<)* iMt III IN*? s*« J> .rt. Jl 

rfifll|i|**f4? j rirtflfflHit ( * nutpb-h'. 

I Hit «4fi,|4H«t 

* * \ l«|i 

" ! (I 

#f 1 II 

j f ' 1 ff 

lliroiiifiiftp I fw| ; II 


ATTEMPTS AT HEAfTIV.Vn Vi A 1*1111 VN'«1\ 11‘ffft'lf lllfi 

IVMTIVE At Mt 4 r, 

Oie iriAWtigiitkirrH of Ktirlirli nti«I Margmrtiih lmv«« j*it* twn ftiiii 

*he htcmnlysin* of Ihi* higher vertebrate* an* «.< complex 
tion. I hey consist of two |mrtjons, ihi* complement and f },«• mimum* 
IxkJ.v. Hy heating to W' C. the complement ,* ,W «h,le 
th« immune* Ualy remains intact, IV mumme U,dv |, v im«df ,-an 
not exert any hiemolyf ir net inn; ti fitting complement m>i*t 
be added. 

It would I«* quite ronif.n heuf il.il* for the phme.lv>,m bVwive 
to consist of two parte. Heating to .V V. would dot rot the ,o», 
plement, while the thermostable intirVdv would V p r ,. !m ,.,j 
I then-fore attempted to reactivate the to*m wind, hod 
inactive at W‘ and tried the addition of » minder of different 
normal serum for thin purpose, Midi ».* g.**f die. 3. ,» f » ((Sj 

fugeon serum, home serum, guinea-pig m rum, m ,d ml, hit m;m„ 
all without success, no solution taking place. 1 nforhmat. h, 
to lack of material, 1 woe tumble to obtain 1 or if c*. of Mtmn tt»m 
the fire-toad in order to enqiloy this for reactivation. m* 

with the normal cent of the higher vertebral.** are not , wJ «.. 

Vm* the complement sought for n.av fim.it,| v V,, w ,| „„m 
m the serum of the ftredoad. for the present therefore ?V 
tion oh to the complex character of the pbrvunh^i u . 

Kept, open. 

no normal bkka onmiN anthmimkh AOAimn* entitwn.vam*? 

A number of normal sera, which had find U**n inartived »t HIT 
m order to avoid solution of the sheep blood mbied, were *,*,„! for 
fchw purpose, e g p.gc«n scrum, sheep serum, mntm , pm 
home serum, rabbit serum, and goat serum. W of IbL 




ISO 


('OhhKCTEU STI’IUKS IX IMMf NTTY. 


rvi*» in tuwmnt> up to 1 or 2 *'**. wn> abb* to |#r<*vi'iif Hohttioti, although 
only flu* Mfigli* Mflvont doo* of phrynnlyMii van mlilrci In tin* mix¬ 
ture* of blood and mtwii. 

l/ATf* >S WITH l*lfllVViU>IN. 

In ordor to ftirsiioli mnrludvi* proof t!mf phrvsiulyfdn m n trun 
toxin, n tittfitlirr of rahhif* urr** imtm??if/od mifti tin* tmiw** Tht? 
poi on \\n iiijriiod uhwjf am***;* <\%, ruimuonriim mifli § *n\ and 
imira iup to o tn\ in f hr mu r of i jght din , Tin* do*r of Tt n\ 

wiifltm iujoHji d ovrry A to h d;n * lor nm or fJipo t-mo ** that 

in tin* mur o of fhrw vn-rk* »l*nti! III| XI <•»*, had It*# i* groii 

If o not wh nah]«* to rr*** turn** tjam X # r at mtn< }»rr;ni «*o!h«T« 

iiio* tin* animal- da* in om* or Hio dav Th«* nmiO*ma*;d finding4 

in mi amma 1 ha* dad of fond pmoa an* W'gnMi*, rv*rjififtjf 

it murk«i| hvpiaima of fin* al*domm;ti U'^ir no marfooopiral 
Htangto of fSit* oftntif* an* d«*mon nnl K 

A ulmadt mMliojif'd* normal rabbit no do**' 4 not o mf ain 
a fnut* of anti l**dv again f phrUfoJo m, 1b** pn«!m f am of aiifn 
f*i\tfi romiiaiirr alumi ffntjtrrjj *In^ > ufUr f ho of ttii* toXTi 

mid mar hi * if* ma uinum in thnr mrl,- nf f hr mmin 

whi* h t obtained, fMtjXi «r p?Mw n*d amm# f doubh* Urn Milvoftf 

d*or of phrynoly iii for 1 * r <V , Mood. 

1,11141 ITilllC, 

Vr?M*t4M, IWnff rw**l »l«*!« *'**' d»* n**4 , loll, p 13#. lifU 

fl«%T JifiiXAiix* tf»ir Ir** *hi ipfiui fh* Jmifti, i|p Tli#i»|>, j! 

4, p mm rl li^J 

lb C*xt % iilii^ 4 f «nt§# inid , !IH, SHUll^ClT «n«l ,%rrl*n *lr |fItv»ii4l, # !ICi 

f rflrrllil' I till i|«'* lllul , 4 4 

Konmr. *lf*r I tf«»l|tc4i»fy © # fS 

ci«iii 

f*tttn4U* »i«l II, Hmnumt* TmMm Wirliitig mn fllni nt$4 *1ift drr 

1Cf cup, IVrtiip, fiTtwf,, 11*1, HP®}---UWJ.« Areh «l# 111 # »ti4 Jii7 # 

t s witi|i r rpiitl IS, 471, 4711, 

Ih JntiHWiiA awl V***t4, ttm f#iP ill r ntt4 thw> lliifilin, If «m fn tJmrfc 

JhTH 

life M»itiI#Wiflimg tfc* l€rwf«t^»fi#« j| Artliitx 
tfi ftiftiiaix. p tpfmft. # liW 

Mtmi#ifTi Mid fifitf llf^tiitilypif^, IWI, lllii, ll>»lwi«lir, I Slit, 

Nm* I m& ti; t\ mdM; tmihHrn, \%2\ t mn4n* 


















XVIT. CONCRKNINC ALEXIN* ACTION.* 

By Dr* Hanm 8At*tfj* # Awhiimi »l flu* flint iIiiIp, 

After the fundamental Mudit** of IktrdH, find t*f Khrlirh A 
Morgvnruth hud ,* 4 town flint fIn Imnrdv \v» §fftjtitin 4 in '•* rum \*% 
Imnmttbfitkm with hkiod-wli mini ft nr iflVif In tl«- *«ftju>tD«'d 

art km of two lamfnoejnoi am I mrii! * i? • d 

very niitiinil to that tk* Imiiil)*, in* of r**t n,<\! >tr^ t v f,** h 

kid limt known for mum* f utn\ aS <* of n iNf$i|4*\ ruHt* 

Buchner, who the fir t to n mnu/f* fho *aei ife-im o *»f »f * k,* 
trrirklul and ^lolmliridal #4 hhnwl * r.m, kvf 

thtw action* from 11 unifarmn kfnndjoinf and f»d*m*d ?n*io o. »‘^r 
“ alexin " of elicit fiiirtiriiinr H*rtirn. {frwfit kt **,*, < i,m*a 

ever, have uhmvn that Hn*>hm r% ##fr /i« |.¥ llflf *"1 A £ ?M|f# 

to/ /to *«m «/ tin infant* umiJnt nf < omharttua^ wh, •«< rte-re 
thorough analysis hw !***♦*« rendered j<oo;ible only by the rmihod-, 
of the newer hiemnlydn mvtsdiKnfinnt, 

The credit of applying the evjrrienri-* gained with the lr:*-nt«*lv- 
Hins artificially produced to the rtody of twwih ire; of normal 
serum, tolongt to Khrlit h and Morycnmlh, Hu t ttm-b- u • <1 » 
method which they hit*! already employed in the m<a!v j. of h *„ 
immtme m», the reparation l*v tricar* of mid, The* dn<cnd «.». the 
fact that at, 0" under favornhle tireiwotunni on?y the ( m, 
and not the complement, i< I round by ftie Mood.rdl , or4»nidv 
hy appropriate treatment, it *ould f»* -hour* that the error*, had 
loKt part of it* jtower, hut that it could he regenerated by the add,. 
tion of the name kind of eerum previondv im*< in .ne| », 4 h-a* 1!.»» 
confirmed their view of the <omple\ nature of normal !,;«tied*, 

They were further aide to activate inactive ha trio!», **.• norm,.! 
by the addition of other Jtind* <*f mm which *e»vrd a- »nmpU w*n **, 
and which by themKelve;, *fid not devolve the parti* t,Wj , 

' Iteprint from tic* Her! him IWInt, l W '* *u.\ m 
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used. This showed conclusively that the glohulicidal yroperty 
normal serum is due to the co-action of two bodies , one which vrithstandlA 
heating {thermostable) and the other which does not {thermolabile.) 

These views have been accepted by‘the majority of investign* 
tors, and numerous observers, P. Muller, 1 London, 2 * 4 E. Neinm-r 
and Doring 3 have constantly added new facts, the analysis c*i 
which in every instance demonstrates the complex nature of nor¬ 
mal hemolysins. Nevertheless it does not seem to me superfluous 
to thoroughly discuss this question once more, since such emineiil 
authorities as Buchner 4 and Gruber, 5 because of the negative rests! < 
of part of their experiments, hold that Ehrlich and Morgenrotfi*! 
conception of the nature of normal hsemolysins is erroneous. Ehrllrti 
and Morgenroth had from the beginning stated that the solution rtl 
this problem in any particular case was only possible by their method 
under certain favorable circumstances. Now, although Buchner and 
Gruber have employed this method, so that a negative result provrtf 
nothing whatever, in consideration of the importance of the 
I have followed the suggestion of Prof. Ehrlich, 6 and undertaken 
a critical study of the negative findings of these authors. The results 
of this have already been briefly alluded to elsewhere. 

Buchner sought to discover the presence of thermostabile bedim 
(his “ Hilfskorper ”) on the occurrence of Haemolysis, by reactivat¬ 
ing normal sera, which had been inactivated by heating to 60° V ., 
with fresh serum of a different species. But out of the large numbei 
of possible combinations he chose only one and used as a source t»l 
complement only that serum which was derived from the same Hjatci#^ 
that furnished the blood-cells. In an address on the profeetH #i 
bodies of the blood, delivered at the Hamburg Congress of Natu¬ 
ralists, Ehrlich pointed out that this procedure was inapplicable 
It can surely not be expected that every serum contains a fitting 

1 P. Muller, Uber Antih&molysine, Centralblatt fur Bacteriologb, VoL 
1901. 

2 E. S. London, Contribution k T4tude des hdmolysines, Arch, dm 8dmmm 
biolog. (Inst, imperial de m&I. exper. k St. Petersbourg), T. VIII, 1901. 

8 E. Neisser u. DQring, Zur Kenntniss der h&molytischen Eigensch&ftan 
menschlichen Serums, Berl. klin. Wochen. 1901, No. 22 . 

4 Buchner, Sind die Alexine einfache oder complex© Korper? Barf. fc lfe. 

Wochenschr. 1901, No, 33. 

6 M. Gruber, Zur Theorie der Antikdrper, II, Uber Bacteriolyise u. 

Munch. med. Wochenschr. 1901, 48 and 49. 

® Ehrlich, Vortrag im Verein fiir inner© Medicin, Dec. 16, 1901. 
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complement for any given amboceptor. *» *•' »»«« » ; '“ r « W! *‘ f 
binationa, therefor.-, the iinding of a auitiibh- "‘mpl.in. nl will u. a 
certain extent be merely a coin.-eh-m-e, In all tie* ru,™ 
at this Institute, however, e\.*n tl.ough often only after .«.n=>i4«-r 
able Ini air,-., thm taut uhviiy* M to a certain reah/.alion of the ...m 
plex nature of the hsemuhinn, 

IhtehnerwnHiot.ee fill in tv.o of lo > m « m aHr, ,»tn,p f 1 * M.tnbj 

tuition vlmm*n by him: hUml all* A > 'M*tm |I 

+ art ire rnntm (amt [thm* nt) A »*imuen ps?: hh**l and o* -rtmn, 
gout blood mill rabbit nernm.i In thm other aur:>. $ bourne}. he 
wiih unable with a eorre guiding tianle *4 pr^doo to %* bar the 
mlvrnt 14 mff which had ha n lot la man nation tanunpm 
blood fiitd Amv mmn \Vn -r I., 4rrj* blood \nd nMJ '*tnm 
(Ctm* 11), jnmiempir !4r#fM| and dog a-mm d'n r 111, lb *• mol* * 
to lif* hi re, or** military to th»* e *4 I ,hrh* h and 
obwwd more or le*> marled ha tn**U * ,ti th« •** ' nnw mtiT.n * 

1*101114, Tlae-e bpptaiim ti ■ alt.- of* , hovo u t. * sphuhr*\ M f b* b- 
flirt that flit* aifimittf of lit mnbomd m ft*- '*»om ei f 1 * 

same Hpeeii* ik Hihjf rt f*# jodtVid*nd and eho Mu*»«*»ee *0 <> ti.omte* 

within with* limit«. Hmide tb:% re* mi e\j*i 1010 * . uheh v* 4 ,ih 
imhKeqiienfty dirm** in detail, !»»♦% i- * bown ti» that th** t# tnj * * ^§ 1 ^ 
at which the w 4 rnni h titjtrimit*4 1 * not ind«!h't» nt for fb< fon* bm 
of flu* nnilior<»{il4ir» fintre if tijipar* >agndraj4 that m tb«’»e n 
merits Buchner tfiftrfitmfrd the aeru hv l?n§itft§# to M* 1 I , tidier* ne 
ordinarily tlik « done nt W* 57' I \ A/* it iwiftrf #4 fint, Ilt*#hnr|4 

experiment No, <1 rimw* Ihnt fhti m*mm f m tl#if nt n**i* 

tivated by heating only to Tu** V t > ri iirtiintrtf $11 tit* }uhw*H ti*' m’bau 
for gnin«*a-pig hloo<l by rsilihil pemm* In w*» *4 fl«rr fhr u% §r\ 
live finding?* of Buchner in fW III lone fhrir nii»ruh*ate** 

In the flirt e Imibwi njififi l#v Biediia-r irt f fn> 1 

by m*paration hy nimiiH of eohb to mm rn**** tm !br |.r# j-* *■ 

of two Hibhfanei^ effecting tie* hninoh Ifv iiirtf^if *4 pro 
eedure wan &» follows: 

Two pnnillel neriit* of tub h of bhwwl t tinfimong *b* ^roonn^ 

of tiefive wriirn were jireparn!, hepf nf if’ 4 r }«r 2 4 h**nm. a« 4 th*n 

mitrifiigwL f lhe tlt^anfed fluid of one nerm? thro i« 

net on the n*<\mu*nU of native hUmh that of the ntb^r ?4 # the 

HHliment.H of blood which had l»*eti tmifnl with a lAr fpivut4H of 

inactivated **erum. Tb* itfitonnl of hlo*wl f mi in till our rt|i«^if# 4 r|if t ?i, 

was 1 ec. o£ a Htej^^redon in ( %f/; wilf 
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In two combination* ((Ti*oh I find 11) tin* of the* two 

eonijKincnta wan effected without miy trouble. Hie following pro¬ 
tocol will aluo tdimv tlit* technique of tin* < # ,\j«Tini*iit, 

Negative I nf Jliichner. il,«T er. cheep tvmm m util! jtjhi 
able to completely deimhe guinea-pig blood, To «wh 1 rr, uf a 
W f guincnq»ig blood Mi.‘j*t*!i* j*m inning mmmnt^ of urtiir rlirep 
ncrum are added and tin* inlmue of Hind made np f« 'J «i\ with physio¬ 
logical halt mbit ton, 'Two parallel pern** like flip nr** kept nt ff l\ 
for two bourn and thm centrifuged. 'Up* dear decanted fluids from 
tin* one eerie* art* allowed to art rtsuTi on tin* rrdifiirfif of I re, rutinm 
•V t guinea-pig blood; tin* fluid* from tin* otSier rrfirm earl* on the 
pediment nf 1 er, f# f t guinea-pig blood, which lifitl prrv miidy bern 
treat**! with tin* name varying amount* of inartm* *l»eep Mttiiii, 
Tin* liictiitilfiic action of the drmnted fluid* m ahown by Table L 

TAMM I. 

AawmmuN m Hamr Bwmrm m lieevtu-fstt Hwma at V 9 t\ 


1 HM'vrM $%mmf *4 0*** | f"|s#t4* f**y 

,4ff»*if4tP *4 1 Ifr ! 

A»M**I i ff l mitMm lipwnl 

§IN«f , * Ull 


1 It 7 

2 0 a 

,1 fi h 

4 f) I 

h « an¬ 
si n 


lifili? 
f far# 

1$ 




j a|ftp»-l tmiiifiplm | 
1 alfliflf j 

i " 

1 .. 


IltieJiftef*# iwcond itcRjittvt* mm* deal# with flit rombinafion ahewp 
blood anti rabbit minim. In tin* following e*j**rimeni # entirely ana* 
Ingots* to the preceding, the complete aolvenl done nf rabbit mmm 

for rfiiMfi blond wan tl/2 «*, >w 'table 1L 

Thrt*e exfjeriment#, which are wnilirfiiwl by jmnilltl 

#*jcja*rimtflta f »ti«w tlmt in them imm rmm t m n matter nf |#irl f 
tttpendM m fli? fmmme nf Um t trie of flaw, thmmmtahlfx 

m bound by the ai CiM * # the ntlrr, flirrinolainlr 4^ left 

lahiiid at thm t4*ftip*r«tiirtx Hit* latter* littwm rr, p «m\y tlait able 
to effect it aeta on blmai-eeUa which have firevinUisly 

anchored tint tlimnoataHIo atstmtance* the »nil#wt»liif* 

A of liililin 1 anti II alao nhowa how inurh the 

combining rtlitfstiiii Imtwiwn ambore|itor »»*1 m fte ©till 
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hand, and amboceptor and complement, on the other, may vary 
from case to case. Whereas in Case II the decanted fluids were 

TABLE II. 

Absorption of the Rabbit Serum by Sheep Blood at 0° C. 


Amount of 
Rabbit Serum 
Added. 

cc. 

■ 

Solvent Power of the Decanted Fluids for 

A, Native 

Sheep Blood. 

B, Sheep Blood 
Previously Treated 
with Inactive 
Rabbit Serum. 

1 0.6 

trace 

complete 

2 0.45 

0 

3 0.35 

0 

almost complete 

4 0.25 

0 

moderate 

5 0.2 

0 

t c 

6 0 

0 

0 


absolutely inactive against native blood (i.e., all the amboceptor 
had been bound at 0° C. by the blood-cells) in Case I the decanted 
fluids were then still active when the amounts of serum added were- 
less than the solvent dose. This indicates that in this case the affinity 
of the amboceptor's cytophile group for the receptor of the cell is 
relatively slight at 0° C. In like manner the columns B of the tables 
show a certain difference of affinity between amboceptor and com¬ 
plement. In Case I the decanted fluid still contains the entire com¬ 
plement; in Case II, on the other hand, a portion of the complement 
must have combined with the amboceptor, for the decanted fluid! 
shows a distinct loss of complement. The separate examination of 
the sediments of the specimens to which active serum was added 
agrees with this; in Case I these sediments mixed with physiological 
salt solution and placed into the incubator showed no trace of solution,, 
while in Case II the sediments of the first three tubes showed mod¬ 
erate, little, and trace of solution respectively. 

Both normal hcemolysins (Buchner’s negative Cases I and IT) therefore 
correspond in their main behavior. They consist of two components• 
(readily separable by the “ cold method”) which in their mutual relations’ 
manifest a certain variation in the behavior of their receptors. 

The conditions in these two combinations were favorable for 
analysis of the mode of action by means of our method. In the- 
study of Buchner's third negative case, however (guinea-pig blood 
and dog serum), difficulties presented themselves which at first ap- 
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to hi* bi;^iniimtiitifltl«\ l>i^pitr mmirroti* vurintioi^ m flu* 
<'oji<!if ion.-* nf lilt* I'vpi’-riiiiiiit \u- i!j 4 not mvrrni milt sipproprintt' 

pronduri** in 1 'fli‘iiiii^ ii H-jpjinilimi !»y tnmim of I hi* " ml*f iut-1 hf w} M 

1 hr llfliih fmiu flu* fiinftlf'r at fillip ii* pig 14oi«i rr|h mn{ 

wf i\** *io** M*nu u iiianiliMni \\iv wiiii** hrfmioi, fur na }i*MHohhf* 

ilfiiofi UJl;-* fill lit#rill5ll tttlfflt'a pH£ hi HO* I Illl4 jdjrh pfe |mi| 

prrvinu- H !frral»**I with aswHnr «i* 4 * h!«# wl; anti y**f fh* \ 
i-luiii ti*«• i* that w r *h*t ?p 4 fol hi nn\ 

ntltrju IMlI IT, W V 1 >|H »u ! ft rpiur * f ftt i stir* 4 that 4 M-J 4sfaf ir #I # «if 

hut , Iih ialirr' r:rn Ilif h;i'IOnh Ii ha*i fan r! thi'Irv* hit'll tffrifnl hy 

flit* nh*orpf;on in tl.r »ohS UV aJhnti 4 ?h* flint! %b-t; from tint 

iL'iinira pif hSoMihr* lh< prm mu h iiitli jit'ti* r fltip *# roni, \% hid* 

final iiiilv *h natnr #*i;u**u ju# h!oo*h ?m m t on £?uijpii* 

pin hlood , tvha ti aj o !u<i pr*n aar lv Ip * u mill 

ipim* i|«4t arfiifii VW m4rr tlirfi alilr to 'ir!<<rin<!t** that lJir>,p ndo 
tw iii 4 urn* ^ifttt^lv, in npphqttv%t*> *pinnf jfjra ri ffitphti-h , 

hy th«« flmiiitf »} ftuah uhlitiiifli ulitfi tu 4 \M §ji#trH wills *alt *'*4nuun 
Hfnl I thin 4 info aii ifa nhaftir f ja*y *h<l no! 4r^nb,r ;il ail, r*f ^h-tf-oh **1 

only in traits, Ah r\jift'ifiirfit of f 1 #i^ kital i*. *<l<mvi4?** Jiihla IlL 

i \m,h hi 

IfrtiMiawiv *<*r I te#* Hi ip %i in nt % s *r o' <' 


' m*r? rf f br» | 


,%ffnf 

A’Mot 


1 tl 2ft 

2 li 2 

;< i» ift 

4 0 I 

ft II ilJft 


i » ( s *4 II? 

»i r ih 


f> 

fl 

II 


•4* -X ft !»•» *■ * Pi? #i#r-ft 
l*i# |l !*.##*!, 


Il, # * J # 4 | ^ t «» i #a | tf 

lit ' « ^ E* * ' ‘ft a H • * fa# ^ 

Twm**>*l * : Hh j "||'*»s«k| *il|i 
iri«r<4*> # 14# h%rfit» ||t* 

| «< lr 


|«Iffii»«l «**i*t*!^al**'! r*itii| 4 «*lf t | r : f#lli| 4 * f l# 

| r*r#|#|4rl«fe fi| 

! mmkrnfm l ttowfatMt# t f# 
j III* Ift j | 

j Krimct I Iturtp j tlfttfif 


llififf fey ifirwfp f#| rtr aiM&rpft*M tmih f|iii#irfi*p»#| Ugmti. in the f&ld, 
tfm fMiiim rl#^ mrum umM mfMtfftlmf if*#t# lit*# rmm/mmmiM mtrh ##/ itAmsA 
fry tfiifJf wtM ii/ fffffttng Miimtmm, Clfir f#| lA«r htmme ttilndktd 

In llti! rrrl lAr #llrr rm$nimtl ».» rtr fluid, fiirtiii'f lfii?i^* 

fim* c«irrw|»fi<l«l if> iln tMflia-vior in tin* i.'ititw« # |iliir # ittnl »l ?«ji mdjf 
« 1^1 timj mmm imieiimiml k§ hading I# fUf* Ih nt« umUk 

0ilm» fm mmmtr llnil rt*U\ Wit !o iittin* bIpiiiI. llii^ imittfn 

«f fill eurkmu hy tiii|4iiyitti n iliftwtil ii»fln^l <#f inaelivftt» 

















CONCERNING ALEXIN ACTION. 


187 


ing the dog serum, and therefore in this case turned first to the com¬ 
pletion method. By means of completion of the variously inactivated 
dog serum with other sera which do not dissolve guinea-pig blood, 
we hoped to obtain an insight into the circumstances here presented. 
In this way we were able to convince ourselves that dog serum which 
had been inactivated by half an hour's heating to 60° C. according to 
Buchner's procedure, is no longer activated in its haemolytic action 
on guinea-pig blood, by the addition of guinea-pig serum. When 
the dog serum, however, was heated only to 55° C. or even only to 
50° C. it was always possible to activate such an inactivated serum 
by means of guinea-pig serum. This was the more readily effected, 
the lower the inactivating temperature employed. 'It need hardly 
be mentioned that in particular cases we always determined whether 
the serum really was inactive; and this showed that dog serum 
loses its hsemolytie property for guinea-pig blood completely, even 
when merely warmed for half an hour to 49° C. We must therefore 
regard it as a fortunate coincidence that the complement of dog 
serum is so markedly thermolabile, for only under this condition could 
it be possible to preserve the amboceptor intact, i.e., capable of react¬ 
ing, for that body is but little more stable. Whether the amboceptor 
heated to 60° has been damaged in its cytophile or complementophile 
affinity is Still undetermined. One could perhaps also think of a 
blocking of the complementophile group of the amboceptor due to a 
binding of the comp ement taking place at the higher temperature. 
Be this as it may, these experiments certainly show that the power 
of a dog serum (inactivated at a suitable temperature , e.g., 50° C.) to 
be activated by guinea-pig serum is lessened by heating the dog serum 
to 55° C. and destroyed at 60° C. 

Table IV shows such an experiment: 

TABLE IV. 

Completion (with Guinea-pig Serum) of Dog Serum Inactivated at 
Different Temperatures. 


. . , Degree of Solution of the Guinea-pig Blood Mixed with 0.15 oc. Dog 

Amount ot tne Serum and Inactivated by Half an Hour’s Heating to 

.Activated Guinea- 

pig Serum. ... . 


1 

2 

3 

4 


cc. 


0.5 

0.25 

0.1 

0 


A, 60°. 


B, 55°. 


moderate 

little 

trace 

0 


C, 50°. 


complete 

strong 

little 

0 


0 












m 


ruUjaTKit sti'wls in immi mty 


\V<* turn rrf«iifr*l flic* r\|«Tiiiiriil <4 ^rpamfimi in tin rnS*i l»y 
allotting till* fluid ttliit'h wna drruiifrd frotll I hr pijfifat jug hl«x»tl~rf‘]l!i 
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bear slight warming, in order to remain capable of reacting, we had 
to abandon our custom of inactivating sera by simply heating them 
to 60° C. Thereafter we had always first to determine the minimal 
inactivating temperature for each individual case. The limits of 
temperature can usually be determined accurately; for dog serum 
it is 49° C. We have also tried by means of other complements to 
activate dog serum inactivated at 50°, and have found a suitable 
complement not only in guinea-pig serum but also in human serum. 
In this case also, the thermolability of the amboceptor showed itself, 
for heating to 60° C. destroyed the reactivatibility. In two cases, 
however, the power to reactivate was preserved to a greater or less 
■extent even after heating to 60° C. In like manner dog serum 
could be activated by the complements described when it had been 
deprived of its solvent power by other means. Thus the comple¬ 
ments of dog serum were absorbed by means of yeast, and by means 
of an anticomplement serum (from a goat) whose normal amboceptor 
for guinea-pig blood had been removed by washing with guinea-pig 
blood. The dog sera so inactivated manifested their amboceptor 
properties when they were appropriately activated. 

In the first two negative cases of Buchner, separation in the cold 
had shown the presence of amboceptors in the sheep and rabbit serum. 
I now sought by means of activating experiments to find fitting 
complements for these amboceptors in other sera. Naturally, after 
the above experiences, it was necessary here also to first determine 
the minimal inactivating temperature. For sheep serum this is 
50° C., for rabbit serum 51° C. If sheep serum is inactivated by 
half an hour’s heating to 50° C., it is easy to restore the haemolytic 
action on guinea-pig blood (Buchner’s Case I) by the addition of 
fresh human serum. In this way the complex nature of the normal 
hsemolysin of sheep serum can be demonstrated. One can also acti¬ 
vate with guinea-pig serum, although then a feebler solvent action 
is obtained. In both cases the thermolability of the amboceptor 
is readily demonstrated; for by heating the sheep serum to 60° C. 
this can no longer be activated, or only in very.much less degree. 1 

1 In addition to this I have also demonstrated a thermolability of the am¬ 
boceptors of goat serum which are activated by horse serum and act on 
rabbit and guinea-pig blood. Repeated investigations by Dr. Morgenroth 
have shown that a markedly thermolabile amboceptor is contained also in horse 
serum. This amboceptor, which fits guinea-pig blood, and can no longer be 
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The combination, sheep blood and rabbit serum (Buchner’s 
second case) presents entirely analogous conditions. Both guinea- 
pig serum and human serum, the latter only in a moderate degree 
contain a complement which activates the amboceptor of rabbit 
serum. The rabbit amboceptor, however, is evidently of more stable 
constitution; for even after heating to 60°, its solvent power can 
be completely restored. I can therefore confirm the facts found 
by Buchner in this case, namely that sheep serum is incapable of 
restoring the solvent power for sheep blood. This, however, accord¬ 
ing to the above statement, is naturally no argument against the 
complex nature of the haemo’ysin because not every serum need con¬ 
tain a fitting complement for every particular amboceptor . 

Provided that sufficiently numerous combinations are examined, 
the completion method n as a rule leads to the positive demon¬ 
stration of the amboceptors. The “ separation in the cold” on 
the contrary, owing to the peculiarity of the combining relations 
of the separate components, is entirely inapplicable in a number 
of cases. 

Gruber, the second author to come out against the conception of 
the complex nature of normal serum haemolysins, sought to demon¬ 
strate amboceptors in a number of normal sera, by means of “ sepa¬ 
ration in the cold.” In view of the preceding it is not surprising that 
he failed in a number of cases to effect a separation of the hsemolysin. 

Ehrlich and Morgenroth in their second communication on hae- 
molysins have already analyzed the conditions for separating the 
interbody by means of absorption, emphasizing “ that the solution 
of the 'problem therefore is now possible only under either of the two 
above mentioned favorable conditions; (1) When the two haptophore 
groups of the interbody differ greatly in their affinity; and (2) when t 
by means of a combination whose discovery depends on chance , an acti¬ 
vating complement is found ” 

The limitations of the two methods applicable to an analysis 
of the complex nature of haemolysins, are therefore sharply defined. 
In any individual case when one method fails, it will always be 
be necessary to make use of the other in order to gain an insight 
into the constitution of the haemolysins at all commensurate with 
the means at our disposal. The schematic application of only one 

activated after heating to 55° C. can be shown to exist in active horse serum 
(which does not dissolve guinea-pig blood) by combining and completing it with 
guinea-pig serum. 
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effect complete haemolysis as complements in amounts in which alone 
they are entirely inert) we could furnish positive proof of the presence 
-of amboceptors. 

Buchner and Gruber have therefore described a total of seven 
cases said to show pure alexin action; and these cases were held 
by them to be sufficient to decide in the negative the entire question 
•of the complex nature of the normal serum haemolysins. Against 
this we have in all these cases brought positive proof that the 11 alexin ” 
conceived by Buchner to be a simple unit, always produces its effects 
through the co-action of two components, the existence of which is 
demonstrable in different ways. We must therefore uphold Ehrlich 
and Morgenroth’s view, that normal and artificially produced hcemo- 
lysins exert their action according to exactly the same mechanism. 

We do not yet possess a method generally applicable to demon¬ 
strate the complex nature of the hsemolysin, and even a thorough 
analysis, therefore, need not necessarily achieve the desired result in 
•every case. The method adopted by Muller 1 for demonstrating 
the amboceptors in chicken serum, which is haemolytic for rabbit 
blood, is of interest in this connection. When the usual methods 
failed he found that bouillon injections caused an increase in the 
amount of complement in the chicken serum without affecting the 
amount of amboceptor. This led him to recognize the complex 
nature of the haemolysin, a fact confirmed by the successful activa¬ 
tion of heated chicken serum by means of pigeon serum. When 
therefore in. isolated cases the separation does not succeed accord¬ 
ing to the methods heretofore employed, such results, the product of 
incomplete methods, most certainly do not argue for a simple alexin 
action. We hope that the employment of the lowest possible tem¬ 
peratures in inactivation will result in increasing “ completion ” 
possibilities and make the demonstration of the complex consti¬ 
tution of the haemolysins easier in difficult cases. At present this 
demonstration has failed only in the case of eel serum (which, to 
be sure, is very peculiar in its haemolytic behavior), for thus far no 
fitting complements have been found for this serum. In all other 
cases of haemolysis through normal sera, which have been investi¬ 
gated for this purpose, according to our experiences positive proof 
of the presence of the amboceptors has been furnished. 

The normal bactericidal sera also owe their bactericidal power 


P, Miiller, 1. c. 
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to the co-action of two substances. Pfeiffer 1 furnished the first 
observations which led to this view when, in 1895, he succeeded 
in restoring the bactericidal power of inactivated goat serum in the 
peritoneal cavity of a guinea-pig. Moxter 2 subsequently demon¬ 
strated the presence of normal bacteriolytic amboceptors by means 
of reactivating experiments in vitro. And according to the numerous 
investigations of M. Neisser and Wechsberg in this Institute, all of 
the bacteriolysins of normal sera which they investigated, are of 
complex constitution. This is natural because in the cell-destroying 
properties of normal serum , as in the development and increase of these 
properties through immunization the mechanism is exactly the same 
in principle, although, owing to the multiplicity of the reaction products, 
the action of the latter appears more complex. 

In my investigations of the cytotoxic properties of normal serum 
I have included the widely distributed spermotoxic function. Accord¬ 
ing to the unanimous opinion of all authorities the specific spermo- 
toxin produced by immunization consists of two substances. Thus 
far, however, this has not been demonstrated for normal spermo- 
toxin, and Metalnikoff 3 has regarded the impossibility of reacti¬ 
vating the heated normal spermotoxic serum as an important diag¬ 
nostic means to differentiate the latter from the specific immune 
serum. In opposition to this, by means of suitable mixtures, I 
was able, here also, to convince myself of the complex nature of the 
normal spermotoxin. After the spermotoxic property of rabbit 
serum for guinea-pig spermotozoa had been destroyed by heating 
to 56° C., I was able to restore this by the addition of guinea-pig 
or horse serum provided I mixed the inactive rabbit serum and guinea- 
pig serum in the proportion of 3:1 or 3:2. In that case the guinea- 
pig spermatozoa were killed after 12-15 minutes, whereas, in the 
control test with inactive rabbit serum or active guinea-pig serum 
alone, the spermatozoa showed lively movements even after 1£-1£ 
hours. The proportion of amboceptor and complement employed 
by me is in direct contrast to that recommended for immune sera by 
Metchnikoff and his co-workers. The reason for this will be under- 

1 R. Pfeiffer, Weitere Mittheilungen fiber die Spezifischen Antikorper der 
Cholera, Zeitschr. f. Hygiene, XX, 1895, 

2 Moxter, Uber die Wirkungsweise der bacterienauflosenden Substanzen 
der thierischen Safte, Centralbl. f. Bacteriol., XXVI, 1899. 

8 Metalnikoff, Etudes sur la Spermotoxine, Annales de lTnstitut Pasteur, 
1900. 
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stood when the high degree of amboceptor concentration in immune 
sera is considered. In my case larger amounts of guinea-pig serum 
must be avoided, because in large doses the guinea-pig serum by 
itself finally exerts a toxic action on guinea-pig spermatozoa. This 
agrees with a statement of London (1. c.) that most all normal sera 
contain autospermotoxins. 


Subsequent Note. —In the meantime the French translation of a study by 
London, which had already been published in Russian, has appeared (Contribu¬ 
tion.& T^tude des spermolysines, Archives des Sciences Biologiques, T. IX, 1902), 
which shows that this investigator had also already recognized the complex con¬ 
stitution of the normal spermotoxin. 

Our views concerning the complex nature of haemoylsins have recently been 
confirmed by Flexner and Noguchi through the successful separation of am¬ 
boceptor and complement in the cold (Snake venom in relation to haemolysis, 
bacteriolysis, and toxicity. Journal of Experimental Medicine, vol. VI, 1902). 





XVIII. CONCERNING THE PLURALITY OF COMPLE¬ 
MENTS OF THE SERUM . 1 

By Professor Dr. P. Ehrlich and Dr. H. Sachs. 

The continued study of the haemolysins of blood serum has not 
only considerably extended our knowledge of the origin and mechan¬ 
ism of the immunity reaction directed against cells, but has revealed 
to us an unsuspected complexity of cellular metabolism to which 
the numerous protective bodies circulating in the blood owe their 
existence. It is probably everywhere conceded at the present day 
that the specific cytotoxins produced through immunization consist 
of two substances, amboceptor and complement; and we must regard 
it as proven that the cytotoxic substances in normal serum are also 
of complex constitution. 2 A simple alexin action , in Buchner’s sense , 
does not exist. But even within the limits of this complicated field, 
Ehrlich and Morgenroth through their experimental work, have 
come to a further pluralistic conception, go that the closer analysis 
of the factors making up the cytotoxic function of a serum is enor¬ 
mously complicated. Thus it has been found in immunization with 
cells, that not merely a single kind of amboceptor is developed in 
the blood serum, but that a large number of different types of ambo¬ 
ceptors appear , which vary both in their cytophile and complemento- 
phile groups. Furthermore, a number of facts and theoretical con¬ 
siderations (discussed in detail in the Sixth Haemolysin commu¬ 
nication) could be satisfactorily explained only by the assumption 
of a plurality of complements, and were absolutely irreconcilable 
with the Unitarian assumption of only one complement in each serum. 

After all this one might well regard the pluralistic conception 
as well founded, and abandon all further theoretic argument along 
this line. But Bordet, 3 the strongest supporter of the Unitarian 

1 Reprint from the Berl. klin. Wochenschr. 1902, Nos. 14 and 15. 

2 See the previous study. 

3 Bordet, Sur le mode d’action des s4rums cytolitiques, etc. Annales de 
Tlnstit. Pasteur, May, 1901. 
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piementophile groups. To one, therefore, conversant with this con¬ 
ception, Bordet's conclusion cannot appear otherwise than forced.. 
The unity of the complement would only then be demonstrated 
by Bordet's experiment if in the immune serum employed for absorp¬ 
tion but a single complementophile group came into action, and 
not a plurality of groups. 

Despite these objections raised against Bordet's evidence, and in 
spite of Ehrlich and Morgenroth's previous positive demonstration 
of the plurality of the complements, it seemed advisable, owing 
to the importance of the question, to enter once more upon a thorough 
investigation of the subject. We at first confined ourselves to the 
complements which effect the haemolytic actions, and have been 
able to bring forward a large number of new and more conclusive 
proofs for the diversity of these complements in the same serum. 
These investigations have in part already been mentioned by Ehrlich 
at the Congress of Naturalists in Hamburg. 

The method of the experiments was guided by the following 
considerations. If only a single complement is present in a cer¬ 
tain serum, it follows that all the complement actions of this serum 
would be weakened equally by any given influence, chemical, physi¬ 
cal, or thermic. If, on the contrary, our view of the plurality of 
complements is correct, it should be possible through appropriate 
experimental conditions to influence the serum in such a way that 
only a part of the complements will be destroyed, while others remain 
intact. Not only the absolute inhibition of the action of a few com¬ 
plements, but also marked quantitative differences in the impair¬ 
ment of the individual completions can only be satisfactorily explained 
by the assumption of different substances as carriers of these prop¬ 
erties. A single complement would have all its functions impaired 
equally. 

We have especially subjected the complementing property of 
goat serum to a thorough analysis, using for this purpose five different 
combinations which can be activated by goat serum. For simplicity's 
sake, we shall designate them by the following numbers: 

Case I. Guinea-pig blood—inactive normal goat serum. 

Case II. Rabbit blood—‘inactive normal goat serum. 

Case III. Rabbit blood—inactive serum of goats immunized with 
rabbit blood. 

Case IV. Ox blood—inactive serum of goats immunized with 
ox blood. 
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When the papain wan allowed to art, longer, the riMbtanf com- 
plement III was also affected, no that usually after one mid one half to 
two hours digestion, the gout scrum was entirely deprived of all its 
complement*. 

Treatment with alkali in place of papain digestion gave mmlogniia 
results. We made u-e of soda and proceeded as follows , iu rr, 
goal serum to w ieh 1 rr. 7',' soda solution had ttccn added, were 
kept in the ineuhator for one and one-ipiarter hours, and then neufrul- 
izcd with hydrorhlorie acid. The solvent j«»wer was compared with 
a goat serum which by the simultaneous addition of soda and hydro¬ 
chloric arid, hail Ihs'II brought to the same eoneentrution of salt 
without having he<*n subjected to the damaging influence of the 
soda. 1 (See 'ruble II.) 


tabu; ii, 

l>r.HTKe**rio\ or no; ttivr Sorni tty or .H.im, 



Hence, owing to the art ion of the mm la the complement* for (Ws f, 
II, IV, and V have completely di*apj**itred, whereas romph-mcMf I If 
is still present, although its ortion is but mm -fourth of whit >t u<*n 

We have furthermore effected a separation of the enmplctm-nm by 
heating the gexit serum to •W'-.W'r, /or half an hour. At this mint-era. 
ture the solvent action of normal goat serum for rabbit and ymti*i». 
pig blood has !>ecn completely destroyed or nUtux t w, (tu th*- o»i«f 
hand, the complement action for the artificially prodm«d immune 
Irodies is more or less preserved, n« can hr m * n from labb* Hf 
'Hie experiment shows that, in this r«*e compliment IV in the 
most resistant, in contrast to its behavior with papain or In 

the two latter eases, complement HI had «how» itself the tnmt 
ant. If we examine the fable more closely we ded! further •;»« a 

‘The resulting wilt concent mtion, by »I*o way, b m digi.t that »)*, u4-,t U % 
power wm in m way tfirwfif. 
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TABLE III. 

Half an Hour's Heating of the Goat Serum to 50° C. 



Solvent Power of the Goat Serum. 





What is Left of the 


(a) 

Heated. 

( b) 

Normally. 

Original Solvent 
Power. 

Case I 
“ II 

14 III 
“ IV 

14 V 

1.0 trace 

1.0 “ 

0.08 complete 
0.035 

0.75 

0.1 complete 
0.25 

0.01 “ j 

0.035 “ i 

0.02 “ 

| almost nothing 

i 

1 

irV 


difference in the diminution suffered by complement V and that 
suffered by complement III. This is so marked that merely a com¬ 
bination of the above three experiments already furnishes positive 
proof that the complement actions in 111, IV, and V proceed inde¬ 
pendently of one another, and are effected by three different comple¬ 
ments. 

But against this method of proof the objection might be made 
that in the end we may still be dealing with simple [einheitlich] com¬ 
plements and that the results of the experiments mentioned do not 
necessarily indicate a plurality of complements. It could be assumed 
that the view we have expressed concerning the plurality of the 
complements was true only in a certain restricted sense. Thus it 
would be possible that the complements possessed but one hapto- 
phore group, but a plurality of zymotoxic groups of which one effected 
the damaging action in any individual case. It could then easily 
be imagined that the various zymotoxic groups differ from one another 
in their behavior toward chemic or thermic influences, so that per¬ 
haps one was injured by papain, and another by an alkali. In order 
to decide this possibility either one way or another it seemed advis¬ 
able to undertake absorption experiments. In case of a simple 
complement with different zymotoxic groups, the complement would 
be absorbed as a unit, whereas in the other case, differences such 
as we have already observed on heating, etc., would be expected to 
occur. 

Because of the great significance of obsorption, we regard these 
experiments‘as particularly valuable. Our first experiments were 
made to see if the complements, like so many bodies known to chem¬ 
istry would adhere to granular substances of various kinds by virtue 
of surface attraction. Bone charcoal, skin powder, lycopodium. 
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and diatom earth, which we employed for this purpose, all proved 
more or less unsuitable for the absorption of complement. A stronger 
absorbent power on the other hand was exhibited by organized mate¬ 
rials, thus confirming the statements of von Dungern. 1 Suspensions 
of staphylococci, when used in sufficient quantity, were able to abstract 
the complements quite energetically. 2 In like manner yeast powder 
is an excellent means to deprive a serum of its complement prop¬ 
erties. A separation of the complements, however, was not achieved 
by these experiments. 

We are inclined to believe that in these cases the fixation of the 
complements is due to physical absorption and not to definite chemi¬ 
cal union. This view is the outcome of the positive results obtained 
in the absorptions when we employed blood-cells which had been 
mixed with suitable amboceptors, and which, according to our views,, 
were able to bind complements chemically. If blood-cells which 
have been saturated (sensitized) with a normal immune body or 
with one artificially produced are shaken with a certain amount 3 
of complementing serum, it is very easy to determine that in con¬ 
formity with the results of Bordet's experiments, the complement 
properties possessed by the normal serum have in most cases com¬ 
pletely disappeared with the onset of haemolysis. It was just this 
phenomenon that led Bordet to his Unitarian conception. Yet even 
in this absorption it is possible by means of suitable methods to 
convince one's self of the diversity of the complements, for by making 
the time as short as possible only those complements are absorbed 
which possess the strongest affinity for corresponding complementophile 
groups. Naturally experiments of this kind are difficult and require 
considerable variation. But it is usually possible to finally devise 
a suitable method of procedure. An interesting case studied by 
us in this respect is the combination rabbit blood and goat serum 
(Case II). With sufficiently rapid digestion (2 to 3 minutes at the 
most, possibly with the aid of gentle heat) the decanted portion 
showed a considerable loss of complements for Case IV or V, or for 
both, without suffering any injury in the rest of its complement 


1 See p. 36. 

2 The same results were obtained by Wilde (Berl. klin* Wochenschr. 1901, 
No. 34) in absorption tests with anthrax, cholera, and typhoid bacteria; but 
to conclude from this that the alexin is a simple unit, as Wilde does, is not per¬ 
missible in view of our above statements. 

B This amount must be determined separately for each case. 
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20 cc. goat blood are treated with the stromata from 53 cc. guinea- 
pig blood. After absorption has occurred the mixture is centrifuged 
and the complement action of the fluid compared with that of nor¬ 
mal goat serum. (See Table V.) 

TABLE V. 

Absorption' of the Goat Serum by Guinea-pig Blood Stromata. 



Solvent Power 

(a) Of the Decanted 
Fluid. 

(b) Of the Normal 
Goat Serum. 

Case I 
“ II 
“ III 
“ IY 
“ Y 

1.0 faint trace 
1.0 “ “ 

0.1 complete 

0.15 complete 

0.15 complete 

0.15 complete 
0.25 

0.1 complete 

0.04 complete 

0.15 complete 


Hence after the absorption, the complements of the normal hsemo- 
lysins had almost completely disappeared, while complements III 
and Y were entirely preserved. Complement IY occupies a place 
between these, for in this case also a partial absorption could not 
be avoided. Its behavior very prettily confirms the demonstra- 
tional ready made by us of this complement's peculiar isolated 
position. 

Entirely analogous results are obtained when, instead of using 
guinea-pig blood stromata, a series of experiments is made with 
red blood-cells, using the red fluid obtained when the red blood-cells 
have dissolved directly as complement for another combination. 
In such experiments we could show that the blood solution thus 
■obtained had lost complements I and II and contained only the 
•complements for cases III, IY and Y. This method of procedure 


blood hsemolysin (amboceptor-f- complement) of normal goat-blood serum, 
it is necessary to absorb with a large excess of guinea-pig blood stromata. It 
then readily happens that some complements other than those belonging to 
the two normal hsemolysins suffer injury to a greater or less extent. This 
was observed especially in several cases in which, in order to render easier the 
complete binding of the complements for the normal hsemolysins, the guinea- 
pig blood stromata had been sensitized with a large amount of inactivated 
normal goat serum. In that case, evidently, several partial amboceptors present 
in the goat serum in relatively small amounts and possessing affinities also 
for the other complements come into play. 
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plement for goat blood disappeared after the injection while that 
for the immune body sensitizing ox blood remained intact. The 
following test may serve as an example: 

A rabbit of 1900 g. is injected intravenously with 22 cc. goat 
blood. The change in the solvent power of the goat serum which 
results from the injection may be seen from the following table: 


TABLE VII. 


Blood Species. 

Solvent Power of the Rabbit Serum. 

(cO 

(b) 



Before the Injection. 

After the Injection. 

Goat blood—inactive normal rabbit serum 
Ox blood—inactive serum of a rabbit im¬ 

0.35 complete 

1.0 no solution 

munized with ox blood. 

0.05 “ 

0.25 complete 



Similar results are obtained in the absorption of rabbit serum 
by means of goat blood in vitro , so that this experiment already justi¬ 
fies us in assuming two different complements in rabbit serum. 

In one of these, experiments with goat-blood injections the hae¬ 
molysis of pig blood by means of rabbit serum was also tested, and 
it was found that the complement of the normal haemolysin for pig 
blood, like that for sensitized ox blood, had remained unchanged. 
Neither was it possible by means of # intravenous injection of pig 
blood to separate these two complements of rabbit serum, for in 
this case, contrary to their previous behavior, both were absorbed, 
while the complement for goat blood remained in the serum. For 
the present we must therefore content ourselves with the knowledge 
that we have brought forward positive proof of the existence of two 
different complements in rabbit serum; a proof which is strongly cor¬ 
roborated by the divergent behavior of the two complements in the 
absorption with goat blood and pig blood respectively . 

The difference between the two complements also manifests ♦ 
itself in their different vulnerability to papain. While the com¬ 
plementing power of rabbit serum toward the artificially produced 
immune body for ox blood suffers considerable diminution under the 
influence of papain digestion, the complement of normal haemolysin 
for goat blood is hardly affected, so that this experiment also sub¬ 
stantiates our demonstration of at least two complements in rabbit 
serum. 

Some rather cursory tests were finally made with dog and guinea- 
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and IX. 

TABLE VIIL 

Half Horn's ID; or It««i Hearn to up s t\ 


If 1 m*1-opI 1 — Amt* *fi»$ it t*r f 'ntnUmhi i* *u. 


| # «»nnr #fl ifin i#ti|f flfrf|||||, 


I, ltabbit blood iiiarfhe dog 
sentm,. , 

II Guinea-pig blood .inactive 

dog mmmi. ,. 

III. Bltoep blood — ifiiic*!i%*tf dog 

wim,,... e * . , ..... 

IV. Human blood - inactive w 

nini of goat a kmmmkmi 

with human blood. ., . 

*V Ox blood- MtuirtL m mmim of 

gnat* immunized with <« 

VI. Ox blood—inartiv© wruiYi of 
rabbit* iitiriiiiiiinMl with tm 
blood .,.,, , . 


Oi I ltr»lr#t. 


0.5 

0.5 

IBS 


§ 

0 

§ 


n. 5 mnmhmU*- 
0 55 fxiftiftltfi 

0 5 strong 


■ Cftl Mufttliftt. 

0.25 extfsif 4c U* 

If, I " 

nm ** 

f LIS ## 

II,HI ** 

II fits #f 


‘ Witt 


II 

0 

II 

lm,9 lliMfl | 

I 


1*"* iUm | f | 


TABLE IX. 

Half A ^,.,^ f>r L il>14 or im Grimi-Ft*# Brunt to t*i* D 


RI<kxI-c#II —Amhtxwpteir CornUimi i*m > 


I. ltabbit blood - - inurtivt' 
guinea-pig Nf$rum....... 

II. Ox hiocxl—inactive guinea* 


pig mru m.. 

III. Ox blood Mnartive mmm of 

goats immunised with ox 

IV. Ox blood —mart ivn mnutt 

of rabbit a immunised with 

ox blood, ...... 

V. Sheep blood —mmtiim m~ 
mm of goat* kmmmkmi 
with ttfi«sfi blood ..., , 

VI. Dog blood-.inactive mnttn 

of goafs inmmmmi with 
dog blood. . , . . , 


Ihmm *4 tlm Umm** | 4 # 
mmm 


<*t» IImta*I«*» Ur 


10 
0 5 


0 

truer 


0.000 eompfat* 

§ m§ ** 

0.025 11 

« 5 ** 


*0 

0 I 

0 00« ** 

0 025 ## 

0 000 

0 25 ## 


I4»;|if*fsi !**.»»jpi- 

«nii 


it 

mlitiiwt ft 

1 

I 

$ S # 

4 















208 


COLLECTED STUDIES IN IMMUNITY. 


If we review all our observations, they show that in the ques¬ 
tion of the complements the Unitarian conception leads to a con¬ 
fused mass of inexplicable contradictions, and that it must there¬ 
fore be abandoned. All experiences , on the other hand, harmonize 
best with the assumption of a number of different complements in the 
same serum. Sober consideration, in fact, makes this appear as 
the necessary consequence of such a multiplicity as has been demon¬ 
strated anew by these experiments. It is a satisfaction to know 
that in the Institut Pasteur a high authority (Metchnikoff) 1 has 
also given up the Buchner-Bordet conception of the simplicity 
[einheitlichkeit] of the alexines, and has come to the conclusion 
that there are at least two complements in the same serum. Metch¬ 
nikoff found that the exudates rich in macrophages acted hsemo- 
lytically, but were unable to effect bacteriolysis. On the other hand 
the exudates rich in microphages exerted a marked bactericidal action, 
but were incapable of dissolving even sensitized red blood-cells. 
Metchnikoff concludes that these two kinds of cells produce two 
different complements, one, which he terms microcytase, effects the 
bacteriolytic actions, the other, macrocytase, is the carrier of the 
functions which destroy animal cells. He emphasizes that the 
demonstration of the duality of complements does not affect the 
correctness of Bordet’s experiments, and he says in explanation of 
Bordet’s results: “ II n’y a qu’& admettre que les 61 Aments figurds, 
une fois qu’ils sont impr6gn6s de fixateurs sp6cifiques, deviennent 
capables d’absorber non seulement la cytase qui les dig6re, mais 
aussi une autre qui, sans les dissoudre, se fixe simplement sur eux.” 

So far as this is concerned we should like again to emphasize 
that we also have not questioned the correctness of Bordet’s experi¬ 
ments, but have merely objected to the Unitarian conception deduced 
therefrom. The old controversy concerning the two views would thus 
be ended , and definitely decided in favor of our view . 

1 Metchnikoff, L’Immunity dans les maladies infectieuses, page 206, Paris, 
1901. 



































XIX. CONCERNING THE MECHANISM OF THE ACTION 
OF AMBOCEPTORS . 1 

By Prof. Dr. P. Ehrlich and Dr. H. Sachs. 

I. Blocking of the Amboceptor by Complementoids. 

The complements "which activate the amboceptors of blood serum 
are, as is well known from the experiments of Ehrlich and Morgen- 
roth, like the toxins characterized by two groups in the molecule, 
viz., the haptophore group, which combines with the complemento- 
phile group of the amboceptor, and the zymotoxic group, which 
represents the actual carrier of the complement’s specific function. 
In complete harmony with this, Ehrlich and Morgenroth 2 could 
show through the production of anticomplements by heating inac¬ 
tivated sera, that the complements, like the toxins, under certain 
circumstances are changed into inactive modifications. These mod¬ 
ifications are still able to excite the production of antibodies, and 
must therefore possess their haptophore group intact; in analogy 
with the toxoids, therefore, they are called complementoids. Although 
the presence of the complementoids could easily be shown by means 
of animal experiments, it was impossible to demonstrate their react¬ 
ing power by means of haemolytic test-tube experiments. The 
reason for this was that a decrease of the complement action, such 
as was to be expected in the inactivated sera (which really con¬ 
stitute a mixture of amboceptor and complementoid), did not occur, 
even when the complementoid was present in large amounts. Ehr¬ 
lich and Morgenroth have therefore assumed that in the change from 
complement to complementoid, the affinity of the complement’s hap¬ 
tophore group suffers a diminution. A similar assumption has been 
made by Myers 3 for the toxoids of cobra poison. 


1 Reprint from the Berl. klin. Wochenschr. 1902,. No. 21. 
1 See page 79. 

* Myers, Cobra Poisons, etc.. The Lancet, 1898. 
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How then, through this previous binding, had lit** amboceptor 
lost its powor of Ireing activated? Afi**r excluding all other po««il4** 
explanations wo wore* forced to rtmcludc that ih * pht m,m> mm »#«•* » t»*f 
is due to a blocking of the mmpU mnduphth tfnmps >,f the ./„•/ », rum's 
ambocejetor luj the romphmmtmdx »tdl permnt in tlu tmutirr serum. 
The correctness of this view has to our minds been confirmed: 

1. Hy the isolated binding of tin* atniwiceptor nt nr, 

2. Hy the subsequent blocking of the nmlsieeptor Isitmd at tr t*, 
by means of free complementoids. 

3. Hy the ltehavior of dog wnmi inactivate*! by shaking with 
yeast. 

4. Hy the combining exjterimcnt with inactive dog scrum r»n«.-, 
tivated by heat) when the salt content of the tin ids was increased 

We shall take these up in order. 

1. If we repeated the combining e\jM*rim«nt also<• mentioned, 
modifying it, however, w> that the amboceptor was an* bored In the 
bl<KKl-eells, not at 37" (\. but at (fC , ,m,hi »W ttmt th, 
pig blood-celU, treated in this mnj at tf t , V rre all mtnnUd l„, 9 u,n m . 
pig serum. (See 'fable 11.) 

Now we know that at ft*. as a rule, onlv rf,,* nmhor.p. Mr j*, hound 
by the blood-eells, and that the compl-m.-nt for t|,o mo t ,, 5 

uninfluenc«*d. It is, therefore, j«*rlmp« quite mound in three « 
in which the eomplcmentoids, like the complements, an- bo« m .| f lV 
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COLLECTED STUDIES IN IMMUNITY. 


TABLE II. 
Guinea-pig Blood. 


Inactive Dog 
Serum. 

cc. 

Amount of Solution of the Sediments 
on the Addition of 0.4 cc. Guinea- 
pig Serum, after Previously having 
been Treated. 

(A) At 0°. 

(B) At 37°. 

1. 

1.0 

complete 



2. 

0.5 

C { 



3. 

0.35 

11 


A 

4. 

0.25 

l { 


( u 

5. 

0.15 

almost complete 



6 . 

0 

0 




the amboceptors, that this binding will not take place if the experi¬ 
ment is performed at 0° C. These considerations confirm our view 
that the impossibility of activating the blood-cells sensitized at 37° C. 
is due to a blocking of the complementophile amboceptor groups of 
the dog serum by the complementoids of the same serum. 

2. It still remained to show that the substance which prevented 
the binding subsequent to the binding effected at 0°C., was really 
present in the fluid medium. This could easily be shown in the 
following manner. Two parallel series of tubes with guinea-pig blood 
were treated at 0° C. for one and one-half hours with inactive dog 
serum (i.e., containing amboceptor + complementoid). The tubes of 
series A were then centrifuged and the sediments, freed from fluid, 
suspended in physiological salt solution; the tubes of series B were 
left unchanged. All the tubes were now placed into the incubator 
for one hour, then centrifuged, and the sediments mixed with active 
guinea-pig serum and physiological salt solution. In the tubes of 
series A solution ensued, the blood-cells of series B remained undis¬ 
solved, as can be seen from Table III. 

The substance which caused the blocking of the ambocepters was 
therefore contained in the fluid portion of the blood sensitized at 0°; 
for in series A, in which the fluid medium was decanted, the blood- 
cells although subsequently kept at 37° C., could still be activated. 
In series B, on the contrary, the complementoids still remaining 
free at 0° C., were bound when subsequently kept in the thermostat, 
and so prevented the “completion” with active serum. From aH 
this it follows that we can be dealing only with complementoid action 
in the test-tube, and the correctness of this view is confirmed in 
another way. 
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TABLE III. 


Inactive Dog 
Serum. 

cc. 

Amount of Solution of Guinea-pig 
Blood on the Addition of 0.4 cc. 
Guinea-pig Serum. 

Series A. 

Series B. 

1 . 

1.0 

complete 



2. 

0.5 



3. 

0.35 

strong 


n 

4. 

0.25 

moderate 



5. 

0.15 

11 



6. 

0 

0 




3. We know from the studies of v. Dungern 1 and Erhlich and 
Sachs, 2 that yeast constitutes an excellent means of removing the 
complements of a serum. If we prepared an inactive dog serum by 
treatment with yeast instead of with heat, or if w r e allowed the com- 
plementoids of a serum inactivated by heat to be absorbed by yeast, 
it was found that a dog serum so treated was no longer capable of 
causing this “blocking” phenomenon. Haemolysis occurred in like 
manner whether we added the activating guinea-pig serum at once, 
or first kept the blood-cell—dog-serum mixture in the thermostat 
for an hour. (See Table IV.) 

TABLE IV. 


Dog Serum, 

cc. 

Amount of Solution of Guinea-pig Blood on the 
Addition of 0.4 cc. Guinea-pig Serum after 
Remaining at 37° C. for One Hour. 

Dog Serum Inactivated. 

(A) 

By Shaking with 
Yeast.* 

(B) 

--By Heath 

(a) Shaken with 
Yeast.* 

)g .-. 

(6) Employed 
Directly. 

1. 1.0 

2. 0.5 

3. 0.35 

4. 0.25 

5. 0.15 

6. 0 

complete 

rt 

n 

almost complete 
strong 

0 

complete 

11 

almost complete 
strong 

0 

1 

. 

- 0 


* 6 cc. serum are shaken with 0.2 grams yeast. 

The complementoids had simply been removed by the yeast and the 
isolated amboceptors reacted in normal fashion. 

1 See page 36 et seq 2 See page 195 et seq. 
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In miifranf to lIn- tiMtial Iwlmv lot wo mmi n^umr *lmt in flu 1 
C&8<* dcwrilw'ii till* tiffin */»/ nj flir ami pit mrni htt;t w*/ mtjpral tiny rata 
mimihif fiteraiM' ihmmjh the fttnutifion ttf amiphrmnimtl 1 In* la 
sfijijfcwti'cl iiIhii by an r\firriiiif*iit mlitrli rnr mmh* in or*l**r to dolor 
mine* tin* IowphI U*\n\mmtnvo nf uhirli ft$«* nnrti**rifii? of tin* *t*n** 

(PruHowll d**r k.lv, f Jg^rlETiaf? drf Awn* m Wirii, IVhwr film \V*u l»**i**i t§?fff, 
1001, No. SI): 

f Tf sin iiiititnl It tftj»*pir4 tUift tnarthi* mrnm of th** fotrugn ' f * » p* ** 

imfrad of ftrfivis wrutti* it U found f h.4 if j «*’fun* i**'* mu*' j t $* otf**d 

with ; jin*«f that fit#* ah**tn mho li!o» Pirry thing * W in fln^ 

world i*onfiit*i4 n tiaptopljnrr group w#il m% fli» ¥ fi4N«i fhr l mm 

Umt n*fi zymrrtoxir. A *4 a of fli*» iiiwf h'utiott tha /)gtimp in 

di*4tniy«I» flip li!ifit«s|#li»ri* group irffiiiiirt jiitvi ft* •art* h rtmUntMU *<* *4 
tin* nn iitiilatiofi of mud flip Mot* «f f ho unfa ompUwir-ut 

Ho far, w* good, Xow f %** rutm* f« :i -f If <i?r 

rofii|i!rni« i tif dpt»ri%'f*d of if >* ^ronft f till |#r if ^ |i4|«lo|44f4' 

group, it mil' f ill U» al4i* in iitid hm4 if % iooE»n |fn« f1rt§ 
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of diphtheria poison in the animal body, at first a loose one, soon 
becomes more and more firm so that it cannot be broken up even 
by very large amounts of antitoxin. Madsen's 1 experiments, to 
liberate, by means of antitoxin, tetanolysin which had been anchored 
by the blood-cells, also confirm this. 

Blocking by means of complementoids is also of value for the 
technique of demonstrating the presence of amboceptor. Suppose, 
for example, that in doubtful cases one seeks to show the existence 
of the amboceptors in the usual manner, by sensitizing the red blood- 
cells and subsequently complementing with a different kind of serum. 
In this case, owing to the blocking action of the complementoids, 
an absence of the amboceptors could be simulated. In this connec¬ 
tion it is of considerable interest to know that so capable an investi¬ 
gator as Buchner 2 employed the above method for analyzing the 
hsemolysin in just the case here described. His attempts to demon¬ 
strate the amboceptor by this method (inapplicable in this particular 
instance), as well as by means of the amboceptor's thermolability 3 
(already discussed), were unsuccessful. 

II. Amboceptor or Sensitizer? 

In another case we have met with a different complication 
equally fatal to the successful demonstration of the amboceptor by 
routine procedures. This is of especial interest for the theory of 
hsemolysin action, and concerns the haemolytic property of ox serum 
for guinea-pig blood. If the ox serum is inactivated, this property 
can readily be restored by the addition of active horse serum. If, 
however, one tries by means of active horse serum to complement 
blood-cell sediments (obtained by centrifuging guinea-pig blood after 

1 Madsen, tjber Heilversuche im Reagensglas. Zeitschr. f. Hygiene, Vol. 32,, 
1899. 

2 H. Buchner, Sind die Alexine einfache oder complex© Korper? Berl. 
klin. Wochenschr. 1891, No. 33. 

8 According to the newer researches already mentioned it would be con¬ 
ceivable that the thermolability of the amboceptors is simulated by this,— 
that the complementoids, in themselves possessing a relatively high affinity, 
become firmly anchored to the amboceptors. However, as special experiments 
have shown us, such is not the case, for dog serum which has been inactivated 
by shaking with yeast, and which therefore contains no complementoid, likewise 
loses its ability to be activated when it is heated to 60° C. It does not lose 
this power when heated only to 50°-51° C. 
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these have been treated at 37° C. for one hour with inactive ox 
serum), it will be found, just as in the previous case, that haemolysis 
does not occur. 

The reason for the non-activatibility in this case differs essen¬ 
tially from that in the case previously described. The chief differ¬ 
ence manifests itself in the behavior of the decanted fluid medium. 
If the centrifuging is omitted, and active horse serum is added to 
the sensitized blood-cells without previously removing the fluid 
medium, it will be found that solution occurs. If the centrifuging 
is not omitted, it will be seen that the decanted fluids behave in an 
analogous manner, for when mixed with active horse serum they 
will dissolve native guinea-pig blood. A complete experiment is 
reproduced in Table VII. 



In contrast, therefore, to the behavior in the first case described 
by us, the amboceptor has remained in the decanted fluid, and 
has therefore not been bound by the blood-cells, or only to a very 
slight degree. Our attempts by means of horse serum to activate 
the guinea-pig blood-cells which had previously been treated at 
0° C. with inactive ox serum and then centrifuged, failed as a matter 
of course; and the result was the same when the ox serum had been 
freed of complementoid by shaking with yeast. 

This peculiar behavior, namely, that the amboceptor by itself 
does not unite with the cell at all, and acts only after it has com¬ 
bined with the complement, is of special significance for the method 
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of analyzing ha*mo!ymi?a For, entirely mode from the fart f liftt 
under thet<e rireuinKtnwea 1 he attempt to art h ate tin* rent rifuged, 
and preHumnbly 14 w*iiidti/,ed f M blood-eells nmwiirily faila, if will 
hv mui that the twcnrrtWT of thin winplirutioii runaideruhlv limits 
tin* application of tin* Mvond method employed to fho mm 

plex iinf tin* of hsemoly.dn/s namely, wparation in flu* roh I, it method 
itimtdy markedly reHtrieti*d. Thin method, if will ho rendled, depends 
iijHiii the fart that at ( f* < \ usually only the ntrihneeptora art* Imtind 
to fill* hlnod»relh*, not the romplemenM to flu* amhoreptono 111 
the eane just described, however, the union of amhoeeptur find roll 
dejfend on the mini lining of anil swept or and complement, How, 
then, ran n separation of tin* two cnmponentH hr effected if, on the 
one hand, flie amditu* m nr qua mm for I Ip* union of amhoreptor 
and cell, a condition which uhtmns here, cannot he fulfilled nf low 
if, on tin* oilier, if in itself precludes any repa¬ 
ration whatever? No wonder, therefor**, that Fruiter 1 failed with 
the rold acparntinn method tit jmt this nine (guinea- jug Mood * nrfiie 
ox Kerum). 

The two atypical rme if here de rribed air, {erne*, **r, j«ctiharl v 
adapted to throw light on the medane m of h?emoh"in action In 
the first ease the faet that blood-cell* *' ■•rn itued lf in the ii;*nit| 
manner withstand the action of the complement h hard fo rsphnn 
in accordance with Ifunleth view, lift! the hi huvior htm%%n in the 
second ease Incomes entirely inexplicable if, like Horde!» we believe 
the art ion of Isteiiiolywiiw to consist in they flint the nmttftreptor* 
(substance ForudhilAtrire) the blomFr*#i and m rend* r 

them vulnerable to the net ion of the complement f Horde! % afeviird 
exerted diieetly upon them. For here we fane tletnoiedrated that 
a mad! but ion dors not take place; tin* amboceptor |*v iteejf is not 
at all bound, and becomes effective onlv on fie* addition of complr- 
merit. If, however, we were to u<>’> tame that in our rwr the mu,, 
plenierit nevertheless uilnch the cel! dir* ct!y ro that then the audio- 
eeptor can he found, we ahould arrive nt 11 iFiore im unhlo* l tor 
detX au that held by EbrlHi and Monn*nroth, fftif m*'h a fhrnn t 
strange to way, would apply nrdv to fhU arid perhaps a IVti other 
ease#, that is, only to a few exceptions. Although ^ti|##^rthioir % n 
Htiitalde exja*riiiif*nt maia ah*1 marie in Him t't\m and, a r > ought ha\e 

1 Cinit»«r f Kiir llirorii* tl»»r Anfikorimr. Mnnrh Sliii, 

I%th - 19 . Haa i» 1 w II. 8 ni*lin # he, * 
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plemrntoid, are still cllf««lml by flu* t’ompI<<M«*rtt* nf dog iwnirn, The wtirri? 

of the dog mmim complwitwtt wm fho fluid ilonififod from guinea pig blood¬ 
ed! t* which, by treatment with tietivn dog wruiii at fC C , 4 hud id«triii'fo«i nn 
much of the itfiilxnwptor from tli« bit tor n* Thew exficrifttctiCf t bore* 

fore show; 

1. Tliiit the coinplffiiiitnf. of *Iog minim suffers ti diminution of affinity lit 
changing to eompk*ftwtitc»i<!, 

2. That the conipifimcnt pmmml in gift turn -pig wrttm |«ihww« a wirnlcr 
affinity than the compltmiont of dog minifii with iinubigoini fiction* 



XX. DIFFERENTIATING COMPLEMENTS BY MEANS OF 
A PARTIAL ANTICOMPLEMENT. 1 


By H. T. Marshall, Fellow of the Rockefeller Institute, and Dr. J. Morgen- 
roth, Member of the Frankfurt Institute. 

The question whether the serum of one and the same species 
contains a plurality of complements or only a single one seems to¬ 
ns to have been positively decided in favor of the pluralistic concep¬ 
tion. This .decision has been brought about mainly by the observa¬ 
tions of Ehrlich and Morgenroth, 2 of Wassermann, 3 Wechsberg, 4 
Wendelstadt, 5 and by the recently published studies of Ehrlich and 
Sachs. 6 Nevertheless, we shall briefly describe an experiment which, 
in a single instance at least, constitutes a proof for the plurality of 
the complements. Our object in doing this is not that the number 
of arguments may be further increased, for they are already amply 
sufficient, but that we may call attention to a method of demonstra¬ 
tion which has not heretofore been employed. 

Because of purely technical difficulties the most rational and 
simplest method of differentiation, namely, by means of anticomple¬ 
ments, has not thus far been employed in this question. As is well 
known, it is very easy by immunizing with serum containing com¬ 
plement or complementoid to obtain potent anticomplements. Such 
anticomplement sera, however, usually contain anticomplements cor¬ 
responding to the sum of all the complements originally injected, 7 
and are, therefore, not adapted to the separation of complements. 

1 Reprinted from the Centralblatt f. Bact. Original Vol. XXXI, No. 12, 
1902. 

2 See pages 11, 56, 86. 

8 Wassermann, Zeitschr. f. Hyg., Vol. XXXVII, 1901. 

4 Wechsberg, Sitzung d. k. k. Ges. d. Aerzte in Wien, Wiener klin. Wochen- 
schr. 1901, No. 48. 

5 Wendelstadt, Centralblatt f. Bact. Part I, Vol. XXXI, No. 10. 

8 See page 195 et seq. 

* See page 63 et seq. 
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At least this had been the case thus far, for a partial anticomplement, 
one acting only against a single complement, had not been observed. 

Through the courtesy of Dr. Cnyrim we detained a normal anti¬ 
complement which possessed the desired properties, and we there¬ 
fore gladly availed ourselves of this favorable opportunity to demon¬ 
strate, by means of the elective binding of anticomplement, the 
difference between two complements in one and the same serum, a 
difference that had not heretofore been demonstrated. 1 

This normal anticomplement was an ascitic fluid derived from a 
case of cirrhosis of the liver; it exerted a marked antihaemolytic 
action in one particular case. By means of an experiment we first 
determined that this action was due to the presence of an anticomple¬ 
ment and not of an anti-immune body. This showed us that the 
ascitic fluid exerted practically no influence on the anchoring of the 
immune body in question to the red blood-cells. 

The serum whose complements we examined was guinea-pig 
serum, which activated two amboceptors obtained by immunization. 
These amboceptors were contained in the inactive serum of a rabbit, 
A, which had been immunized with ox blood; and in the inactive 
serum of a goat, B, which had been immunized with sheep blood. 
Corresponding to this, ox blood was used for case A, and sheep blood 
for case B. The inactive ascitic fluid does not dissolve these species 
of blood even after the addition of guinea-pig serum 

To begin, we saturated ox blood-cells with the specific amboceptor 
by adding 0.01 cc. immune body A to each 1 cc. of a 5% suspension 
of the cells. This is about ten times the amount which on the addi¬ 
tion of sufficient complement (0.1 cc. guinea-pig serum) effected 
complete solution. The mixture was. placed in the incubator and 
frequently shaken. At the end of one hour it was centrifuged, the 
fluid poured off, and the blood-cells, loaded with amboceptor, sus¬ 
pended in salt solution. In exactly the same manner sheep blood- 
cells were treated with the inactive serum B, 0.2 cc. for each 1 cc. 
of the 5% suspension. On the addition of guinea-pig serum to these 
blood-cells, haemolysis ensued very quickly in the thermostat; in 
both cases it required 0.008 cc. guinea-pig serum to fully dissolve 1 cc. of 
the suspension, while 0.0065 cc. caused incomplete solution and 0.002 

1 In the following, for the sake of simplicity, we shall speak only of two 
complements, whereas we wish here to remark that two groups of complements 
are probably to be understood, each group made up of a host of single comple¬ 
ments which it is impossible thus far to analyze. 
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only a slight decree of solution. For the sake of dearness it was 
especially fortunate that the complementing amounts should happen 
to be identical in the two eases. 

A parallel series of experiments was then undertaken with these 
two cases, as follows: Varying amounts of the guinea-pig serum were 
mixed each with 0,4 ce. of ascitic fluid inactivated at SlPC 1 ,, and 
the mixtures kept at room temperature for half an hour, after which 

the binding was entirely completed. 1 Thereupon the l»ItM>d*rrII§ 
loaded with amboceptor were! added. The result of thm* exj^rinienti 

is shown in the following table: 


Cask A (Ox Bloc Am iioeKrroii), 


r—- — 

..‘ 1 


Guirma-pifl; Herum 

Gutf*«*a»iii« Hcrtmi i 0.4 rtf. 

A mt?*! 


0,008 complete solution 
0. CHIOS vestige 

0.005 strong 

0.0055 considerable 

0.1 almost complete 

0 08 ** 

0.005 considerable 

0.05 fairly little 

1 

j 

0.003 

0.035 very little 


0.0025 moderate 

0.05 Jmc« 

0,025 “ 

0,02 0 


(U«R I! (iSllEEP BlooO f AMIlorUWtli). 


OuifMm-|»»a Hftrtim Alotm. 

UtitfimSemm ♦ <M rr, 


AwHw Hitef, 


O.0OK complete solution 
0,0055 almost complete 

0.005 

0 008 complete 

0 0005 nlrnoot comp!# te 

0 005 

i 

0.0055 Htrong 

0,0035 strong 

1 


,, ., ^ 

1 i 


We see, therefore, that in ease A the complement protects rmfp 
pktely against 2§ times the complete solvent amount of crmipNoonb 

while the amount of serum mpiirwl to effect complete t olnliim m*trmm 
more than twelve! times. In ease 11, on the contrary, the «oinplHe 
solvent done of guinea-pig scrum remains unchangi*!, and flu? serktt 
proceeds just as though there had been no addition of fMitiromfifo- 
mont. 

These experiments, which were reflated many i'mrn, therefore 


1 The union of complements and anf ico«ipk?incnf«, tkmlugmm to it#® t^limvirif 

of certain toxins and antitoxins, m dependent on the time. Hfnr*$ here sdm 
this had to be considered and sufficient time allowed for the mixture to act 
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show that the ascitic fluid contains an aniicomplemenfc 1 which fits 
into that complement which is activated by amboceptor A, whereas 
anticomplements for the complement of nrnl >oeeptor B are absent. 
Hence we are justified in differentiating in guinea-pig serum at least 
two complements with different haptophore groups. 

It may he hoped that continued investigations of normal body 
fluids will bring to light numerous other favorable eases which will 
make possible differences along the lines indicated. For although 
in normal serum the complication of haptins present, such as ambo¬ 
ceptors, complements, complementoids, nntiamboceptors, and anti¬ 
complements, Is very great, the conditions here are certainly simpler 
than in the serum of immunized animals; for in the latter there are 
also present innumerable primary, and (owing to internal regulative 
processes) secondary reactive products. 

1 Krltlkh and Morgcnroth have dtmiiwed the nut urn of tmimmipkmwntn 
at length in the Bert. Idifi. Wochenmdir, HH)l, No. Hh They conclude that 
the origin of these ImmImih in this, that foreign complements combine with the 
complement ophile group of certain cull receptors. According to thin view 
the anticomplements are nothing elf* than thrust-off umimtTpkrM whose com* 
plemcntophile groups imumm a higher affinity than in usually the case* It I# 
curious, therefore, that Gruber, nine months later (Hitzg. tier k.k. Ge*. tier 
Aerate in Wien, Wiener kiln. Woehenschr. 1901), presents thin view, which 
had been recognised m a natural consequence of the receptor theory, as an 
entirely new objection ayaimt juat thb theory* 




XXI. CONCERNING THE COMPLEMENTOPHILE GROUPS 
OF THE AMBOCEPTORS . 1 


By Prof. Dr. P. Ehrlich and H. T. Marshall, M.D., Fellow of the Rockefeller 
Institute of Medical Research. 

The- studies of the past year, especially the recent conclusive 
work of Ehrlich and Sachs, 2 show that we may regard it as definitely 
proven that, in contrast to the Unitarian conception of Bordet, there 
is a plurality of complements in the serum. 

This knowledge largely supplements our views concerning the 
mechanism of lysin action, and is in complete harmony with the 
principles of the amboceptor theory. The latter, in contrast to the 
untenable sensitization theory of Bordet, has become still more 
firmly established through the recent experiments carried out in the 
Institute by M. Neisser and Wechsberg, 3 Lipstein, 4 and Ehrlich and 
Sachs. 5 

If we consider that, as is shown especially by Bordet's experi¬ 
ments, 6 an amboceptor, after having been anchored by cellular ele¬ 
ments, can almost completely rob a serum of its complement, and if, 
further, we regard what we now know about the plurality of comple- • 
ments, we shall of necessity be led to a view concerning amboceptors 
according to which an amboceptor is capable of binding a number of 
different complements simultaneously. Attention was called to such 
a possibility by Ehrlich and Morgenroth 7 when they stated: “Finally, 
it is possible that an immune body, besides one particular cytophile 


1 Reprint from the Berl. klin. Wochenschr. 1902, No. 25. 

2 See page 195. 3 See page 120. 4 See page 132. 5 See page 209. 

•Bordet, Annal. de lTnstitut Pasteur, May 1901. 

7 See pages 88 et seq. 
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group, contains two, three, or more ciuuplemenfophile groups. n 
According to this hitter view, therefore, it m to lit* assumed that nn 
amboceptor me haptophore group specifically related to n 

certain receptor of cell or of a foodstuff, and that it also possesses n 
number of cornplemcntophile grmijis. The form amboceptor would 
thus indicate that two different sttbstfiftcra, foodstuff find comple¬ 
ment, are anchored hy this body and brought into close relation with 
each other* This m illustrated in the billowing diagram. 

Fin, t. 



(a) mmptm of fto oil; ( 6 ) Impiophtm group of thu »»iitxMttpt«r; (r) *l#niib 

mmt TOiii|ileini!iit; {d) licin-doiiiiiiatit rottiftfoificmt, 

<tem$mmnU>phii& gmmpm of tlw mdnmfpk$ft {«) for flit dominant rotto 
pigment; (p) for the 

The next qmmimm to fie considered is wfather it w nerrmtrg, m 
order to get ttw Igmn effrrt, for alt them t<m}d*tm nin m mm* 

into action. Km»nt experiment* indicate that tfii/i m nut the nm\ 
but that among the number of complement* only a few are necessary 
in any single instance in order to obtain the effect, These rumple- 
mmntB are termed “dominant comjdmcnta” the rest lire 14 mmlomimmt 
omphmmii . 90 
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present in normal guinea-pig serum. This wrum reaefivuteu two 
immune bodies, of which one, iiimiiiiii* body -1, w-;».h obtained by trout¬ 
ing rabbits with ox blood, and flu? other, immune body li, by trout¬ 
ing a gout with idiot*! # blood, These immune bodies, naturally, ueted 
roHjH'otivoly on ox hlntMheella and sheep blood-eells. 1 bis oiift- 
mmpkmttii in strongly aethe in on, mo A , while it m entirely wit limit 
ofTort in ease H. From thin wo may conclude flint tbo eomplementa 
concerned in tlim? two cases, and which wo may designate nn x find 
b, iiro unlike, 

A ftirllior question was whothor immune body A binds other com¬ 
plements in guinea-pig serum besides its mvu dominant complement. 
In on lor to determine this ilio follow ing experiment wim made: First, 
ox blood-cells iiiid sheep blood-cell* were ml tint tod with tlioir re- 
*{*eetive Jimlxieeptor* A find //.and tlioli to each cubic oofitittiofor of 
flic* f/y blood mi*| tension varying amounts of guinea-pig serum woro 
added m complement. I ft the first mini* (M#l75 or, guineu-ptg serum 
utiffiml to riiiifw? eomplete solution; in tbo second case Itiit/i rc, 
was required, 

Thereitfion another ti*#T was fimdo exactly liko the preceding with 
ox blood iiiid immune liody A, After flu * mixture bud rotnmtml m 
the thermoatut at 37® C b for 1| hour* and mm practically 

complefi*!, the same iftntnfily of o\ blowbeell* laden with immune 
hotly (0.05 ce. ox blood freed from serum mid made up to the original 
volume) waa added anew find the mixture* kept in the themioatat 
for two bourn longer. The luemolysi* whieh Iiiid then taken place, 
observed by allowing tin? mixture to mdkmrni in a ftifrigemtor, indi¬ 
cated the a mount of complement x left after tin* first hirmolym* and 
available for the ease A. 

At the same time ii similar ex(a*ritnent mm Hindi? in which, 
lifter the? first hieiriolynw, sheep blood- ccIIm saturated witli limine 
ceptor worn used in the place of f he ox blood-cells, In this cane, 
after determining the amount of complement originally present, 
that of eonijdement b % left after th<* fmt hieiriolyitia, roiild aho In? 
found. 

In tilts it eonnidemhle Iwa of «>rri|#li*iriefit in of»si*r?i :< fI for f«ntfi 

for it new m|itinm ee» of the eompietiwmting guinea-¬ 
pig mmmi to raiist? eompk*t(» aolution for roae A and f UflB er, for 
ea«e H f m that 1/1(1 and 1/5 m*|#*rtively of the origitml eom|ilerf«*nt 
are still pramrved. This altowa that the biniling of eoui|dement n # 
dominant for mm A f m aei'omfMinkfcI l»y a hinding of eornplement 




230 


COLLECTED STUDIES IN IMMUNITY. 


dominant for case B but non-dominant for case A. It w* 
necessary to determine whether or not in case A the absorj 
the non-dominant complement /? is dependent on the binding 
dominant complement a. Owing to the peculiar nature of tl 
complement it is possible to prevent the binding of comple 
for case A, whereas the binding of complement /? for cas 
not affected. On the addition of 0.4 cc. of the anticom] 
serum the amount of complement necessary for complete s 
increases from 0.0075 cc. to 0.2 cc., i.e. 26 times, whereas no 
occurs for case B , 0.005 of the guinea-pig serum still causir 
plete solution. 

If, therefore, the binding of the complement /? by ox bio 
laden with amboceptor A is dependent on the binding of th 
nant complement a, it must be possible by the addition of t 
containing the anticomplement to prevent this binding. C 
periment is made as follows: 

First, 0.4 cc. anticomplement serum is mixed with 
amounts of guinea-pig serum. After this mixture has rema 
room temperature for half an hour the ox blood-cells lad( 
amboceptor are added and the whole kept in the thermoi 
1^- hours, when the undissolved blood-cells are centrifuged ol 
decanted fluid is mixed sheep blood-cells loaded with theii 
ceptor. The result shows that in this case a decrease of com] 
b for B has not occurred, for the tube containing 0.005 gu: 
serum shows complete solution. The following table will m 
results plain: 


Complete Solvent Amounts of Guinea-pig Serum. 



I. 

II. 

III. 

1 


Absolute Deter- 

After Binding the 

After Binding the 

Amount 


mination of the 

Complement by 

Complement by 

plemei 


Complement. 

Means of Ambo¬ 
ceptor -f Blood- 
cells (Case A). 

Means of 0.4 cc. 
Anticomplement 

Arriboi 
Blood- 
A) aft 
of the 
CompI 
Means 
Anticc 

Case A . 

0.0075 

0.075 

0.2 

— 

Case B . 

0.005 

0.025 

0.005 

0 . 


By means of this experiment, therefore, it has been prw 
in this case binding of the non-dominant complement ensues oi 
the corresponding complementophile group of immune body A 
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choml the dominant complrwnt n. W<‘ *h#N l’ ml,H )j*'^.Vt lm cutie 

if we assume that in this case, owing »«• lh «* ” m, l* * . f f , 

* * n.r:.*; 

:;i... ..*»»•• I*""™ 

iifliliit V t<» liIK'lit»r llw* . . * . 

Surh an arrjiri|s«*iiH*ntf wiii*rt4tv a itfu Mirrptor t* u ** 

l, in(1 n number of d.flcrent complements, w eerta.nly nut m 
Owing to their stymotoxir groups the ••.implement* ran > 

terete quin* different actions. .o that the .i.r *«>» of Inghh * 
plex food molecule*in which, of enure, we »..»• * «- > - ^‘» 

function of the Hmlmeeptor merhan.sm l. .»n4> «•««»•• , n ^. ^ 

nn arrangement wem* ^til! more adapted to tin* purple » 

consider that the cytophihe Inq.nq.hnn* ""*7 .‘* f att \ "t^ouPa! 
fitted, not to the entire food molecule a >t* h, hut old. 1- 

group of the final molecule. 1 he po dnhn r ihu* K«w‘«t *■*»•« 
ticular and««*»*(>tor to anchor food tnl(,. «h..-h are almost man 
different hut happen to agree the f*o ion of tlun one ,«uUa 
group. (Imntid that this in the ea r, the pr. er.ee o 4 ' « 

eotnplenielit, acting only to one or the other l«^b,h» **•«« to 

«lv*Hteh*ological, wherein ft jdnmlity of «,mp ementu won d *t.r. 
greatest jiowible effeet on the wort varied foodstuff moleeuS. *, 
cent investigation* have brought to light a great many example, 
which show that in extracellular and mimeeli.dar .hgeshve ptoe. - 
various ferments net together or in wspienee. I him. as lhdm» • • r 
states, we already know of ten different ferment* «» ' *«• hur.,11; 
‘■A inaltase, « glvrjwe, a proteolytic ferment, a nttelem pb mg 
ferment, an nldchyda*.*, a )a.*lu*r. a ferment whirl, convert-, the 
final v humid nitrogen of nmido add* into ammonia » f.hnn ferment, 
and, with some probability, a lipwe and a reman like ferment 1m a 
in w * simple an organism a* the veast cell, accorduw to IMhrmh,* 
at least five endoferment* are demonstrable 

If one ear.one can regard an amboceptor who ,• vnnuon romp!*-* 
mentopliile groups an* occupied U d.!fe»e»« complement■* a. a fmd 
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am ' Kustsr , Tin-; C ( imit.kmk.vtibiijty of 

Till-: A.MBOCKIToRS.* 

By l>r, J, Motto » wit» Mntikr «#f f in* lief it at *% ati<I Ur, H, Hxrta, And*»t«nf 

at flir 1 ?i«f if ufe. 

L A Priactiinpltve I mw i'tmctr itlng thr CkftffletfteriiUtility of Xorttial 
Amboceptor* mill tltow Obtained by iiiiiiunii«itl<iiu 

ClillillKII 2 IwdieVfP he Imp d^rmcred lift rmollf iff! difference in flu* 
complement iliility of the tumnnl itfiilit#n*|it<trn of }#I«#«#*| find 

thone prod need By hmmmrmtum. If** nay*: 41 I he ****«{«tf ;| 
iif tin* normal m*m never #eem to make tin* erythrocyte?* of another 
Hjtcci#* nvimUvi* to their mut permit, . * , and 1 flunk 1 ran my Before¬ 
hand that flu* Mfieeifir amlmreptorM regularly make the rn throryti* 
wilfililf? in tlirir own acrtnii, Thw would mi em*uti»t 

difference ttetween I hr two/* 

If l«nilit»r klwnw Khrlieh hm over maintained tlmf flit* nmtm* 
rrjitow of normal and of immune mrni tire identical, tI iIm i* a mk* 
widerHtnnding. On tin* contrary, tin 1 ? ntmUm ill flip Iipfifittr 4 have 
emphasized flint tin* irmittifm «*m, owing to tin* manifold variety 
of tint miction products deveIo|i#*d in flu* immunization, contain #i 
great, host of different partial afnlmrcptoi* wfitpr cytophilc find 
complcmentophile grmijm inn vary grimily, Xorrrinl scrum, on the 
contrary, only few tyjie* of arnliorcptorH identical with 

those of tin* immune scrum. Ifrnrr if there in to tir any rpicHtion lit 
all m to ik? identity of nomifi! and artificially produced nmlmrvpum t 
thin run only k a partial identify. S|**rinl proof By ftmkr of their 
wmmlmiity in order to controvert, the ophite view mm therefore 
unnecessary. However, dare what * »rtikr advance* k incorrect and in 

1 H$*prmi from the fieri Win Ww4m$whf t tfttfj, Xu, 27 
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Hence within three days the serum of the horse has become 
strongly haemolytic for guinea-pig blood without altering its haemo¬ 
lytic property for rabbit blood, whereas wuthin a further three weeks 
its properties have almost become reversed, since now it does not 
dissolve guinea-pig blood at all, and dissolves rabbit blood (which 
at first was but slightly affected) very strongly. It is worthy of 
note that in almost every horse serum which we examined for the 
purpose we found a considerable amount of amboceptor for guinea- 
pig blood. This amboceptor w r as characterized by a particularly 
high degree of thermolability, being invariably destroyed by heat¬ 
ing to 55° C. A complement for the same is very often absent, and 
even when present it is only on the addition of considerable amounts 
of fresh guinea-pig serum that this amboceptor becomes manifest. 

The cause of this varying haemolytic property of the horse serum, 
which is in contrast to the extraordinarily constant amount of normal 
haemolysin present in other sera, e.g. goat serum and dog serum, is 
perhaps due in part to the unusual lability of the complements here 
concerned. We often observed that a horse serum which dissolved 
guinea-pig or rabbit blood completely lost this property, or nearly 
so, by keeping the serum on ice for twenty-four hours, a behavior 
which we never met with in other sera. 

In a similar manner horse serum shows its variability when it is 
employed purely as a source of complement. We have frequently 
used horse serum as complement in the following combinations: 


Number. 

Blood. 

Amboceptor. 

1 

guinea-pig 

goat serum 

2 

rabbit 

dog serum 

3 

11 

ox serum 

4 

guinea-pig 

goat serum 

5 

11 

dog serum 

6 

l c 

ox serum 

7 

sheep 

dog serum 

8 

11 

serum of a goat immunized 



with sheep blood 


Of all these cases only the complement for 6 and for 8 was present 
in considerable amounts. So far as the other six complements were 
concerned we observed a fundamental difference between the ex¬ 
periments which we had made some years ago in Steglitz and those 
made during the past two years in Frankfurt. • Whereas formerly 
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all of the completions of normal amboceptors succeeded, we found 
in Frankfurt that we obtained negative results in the great majority 
of the experiments. The complements necessary for the completion 
of almost all normal amboceptors were absent, while complements 
were present for a certain normal amboceptor (guinea-pig blood, ox 
serum), and for one obtained by immunizing a goat with sheep blood. 1 

This behavior indicates clearly enough a plurality of the comple¬ 
ments in a serum, and we do not doubt that further investigations 
will show the same to be true for the partial complements of other 
sera. The occasional absence of one or the other complement will 
most easily be discovered just in the completion of normal amboceptors, 
for here but few amboceptors have to be considered. Of the numerous 
amboceptors produced by immunization in many cases, at least a few 
will find fitting dominant complements. According to our observa¬ 
tions, conclusions can be drawn only with the greatest care from 
isolated negative completion experiments. One cannot conclude that 
an amboceptor is absent from the impossibility to reactivate normal 
inactive sera by means of several other active sera. 

For the evaluation of bactericidal sera in animal experiments 
we believe it to be especially important to consider cases of this 
kind. The entire absence or a marked diminution of complements 2 
which functionate as dominant complements for certain bactericidal 
amboceptors may lead to a disturbance in the regularity of a series 
of experiments, disturbances which show themselves in the fact that 
now and then an animal dies of the infection even though in the zone 
of sufficient immune serum to protect the animal. Such irregularities 
are quite common in the usual test series and manifest themselves 
frequently in the evaluation of bactericidal sera, where they then are 
very disturbing. 

1 In respect to its complements horse serum occupies a special place among 
most other sera used in the laboratory. Thus, for example, we were rarely 
successful in complementing the amboceptor of a rabbit immunized with ox 
blood; we never found a complement in horse sera for the amboceptors of geese 
or goats immunized with ox blood. That the locality plays a certain r61e in 
these phenomena follows from our observations that here, in contrast to the 
statements of so reliable an observer as P. Muller in Graz, rabbit blood is not 
dissolved by duck serum to any appreciable extent. 

2 Another abnormal phenomenon which is often observed in this connec¬ 
tion, the disturbing action of large amounts of the immune serum, is explained 
by the peculiar deflection of complements by an excess of amboceptor, as 
has been determined by M. Neisser and Wechsberg (see pages 120 et seq ). 



240 


COLLECTED STUDIES IN IMMUNITY. 



It is hardly to be doubted that such variations of the complement 
are responsible for the occasional failures of bactericidal sera in 
practice, especially if we consider that in diseased conditions a marked 
diminution or a disappearance of the complements can take place 
(Ehrlich and Morgenroth, Metchnikoff, Wassermann, Schiitze and 
Scheller). 
















XXIII. THE PRODUCTION OP HAEMOLYTIC AMBOCEP¬ 
TORS BY MEANS OF SERUM INJECTIONS.* 

A Contribution to Our Knowledge of Receptors. 

By J. Morgenroth, Member of the Institute. 

As a result of the side-chain theory of immunity, and especially 
in consequence of the conception of “receptor” which this theory 
brings with it, our views concerning the cytotoxins have to a great 
extent been emancipated from the morphological point of view and 
placed on a chemical basis. This is seen most clearly by, looking at 
the complex hsemolysins of serum, for of all the various cytotoxins 
these have been most clearly analyzed. 

As is well known, if an animal is injected with erythrocytes of a 
foreign species, there develop in the serum of this animal new sub¬ 
stances, the hcemolytic amboceptors (immune bodies). The ambo¬ 
ceptors are bound, above all, by the red blood-cells of that species 
whose blood was used for the injection, and it is through this binding 
that the amboceptors make possible the haemolytic action of the 
complement contained in fresh serum. According to the side-chain 
theory the anchoring of the amboceptors is the result of chemical 
processes, which again are based on the existence of certain groups 
of the blood-cells’ protoplasm, the receptors. If on the basis of this 
theory one has once clearly seen that the specific binding is strictly 
a chemical reaction between receptor and amboceptor (or rather 
between their haptophore groups), it becomes quite evident that the 
morphological structure of the cell concerned in the reaction is some¬ 
thing quite secondary. This is, of course, apart from certain prac¬ 
tical points which are mainly the indicators of the deleterious action 
exerted by the coaction of amboceptor and complement. Among 
these would be, in this case, escape of haemoglobin; in the cases of 
other cytotoxins, disintegration and solution of the cell, cessation 

1 Beprint from the Munch, med. Wochenschr. 1902, No. 25. 
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of the motion of flagella and cilia. The specific binding of the am¬ 
boceptors is therefore not dependent on a coarser or finer morpho¬ 
logical structure: it can occur wherever the specifically related receptors 
are present. 

For the doctrine of immunity these views constitute a new and 
really concise definition of specificity. The latter thus loses the 
systematic character originally given it by botany and zoology and 
must from now on be regarded purely chemically, as absolutely 
dependent on the conceptions as to the nature of the cell's receptors. 
Every product of immunization is specific for those receptors by which 
it was called forth , irrespective of where the receptors may be . 1 When 
injected into an animal the receptor produces antibodies, and these 
again, when they meet the receptor under suitable conditions, are 
bound by the receptor. This binding, in our conception, always 
remains specific. It matters not whether the receptor is peculiar 
to the protoplasm of that species of cell which originally excited the 
immunity, or whether it belongs to a different kind of cell of the 
same species or to one of a strange species. 

Hence the principle of specificity of the amboceptors produced by immu¬ 
nization is not violated when, for example, v. Dungern obtains haemolytic 
amboceptors by injections of ciliated epithelial d4bris, such as is contained in 
goat milk. v. Dungern 2 has very properly pointed out this fact in emphasizing 
the community of the receptors. The same holds true for the haemolytic am¬ 
boceptors obtained by Moxter 3 by injections of spermatozoa. Several different 
zoological species, such as goat, sheep, and ox, possess a number of common 
receptors in their blood-cells. 4 

On the basis of the side-chain theory as it has just been laid 
down it is almost a matter of course that these receptors of the 
protoplasm which excite the production of the amboceptors are 
normally present dissolved in the body fluids, a physiological proto¬ 
type of what occurs to such a high degree m consequence of immu¬ 
nization . 5 


1 See the explanations by Ehrlich concerning the receptor apparatus of the 
red blood-cells in Schlussbetrachtungen, Vol. VIII, of Nothnagels spezielle 
Pathol, und Therapie, Vienna, 1901. 

2 v. Dungern, Munch, med. Wochenschr. 1899, No. 38. 

3 Moxter, Deutsche med. Wochenschr. 1900, No. 1. 

4 Ehrlich and Morgenroth, page 88. 

5 It has already been shown that as a result of injection of amboceptors into 
sensitive animals a considerable number of cell receptors are thrust off, which 
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The extraordinary multiplicity of such dissolved substances in 
blood serum has already been pointed out by Ehrlich . 1 “The chief 
tools of the internal metabolism are the receptors of the first, second, 
and third order. They are constantly being used up and produced 
anew, and can readily therefore, when overproduced, get into the 
circulation. Considering the large number of organs and the com¬ 
plexity of the protoplasm’s chemistry it need not be surprising if' 
the blood, the representative of all the tissues, is filled with an infinite 
number of the most diverse receptors. Of these we have thus far 
learned to distinguish the various kinds of lysins, agglutinins, coagu- 
lins, complements, ferments, antitoxins, anticomplements, and anti- 
ferments/’ 

These free receptors when injected into a suitable foreign animal 
species should therefore show their identity with those of the cells- 
by the fact that, like the latter, they produce immune bodies identical 
with those produced in the usual way. 

A few isolated observations have been made in this direction, 
hut the conclusions following therefrom according to the theory have 
not been drawn. Thus v. Dungern 2 has observed the development 
of a hemolysin directed against chicken erythrocytes as a result of 
injections of chicken serum into guinea-pig serum, and Tschistovitsch 3 
has observed the formation of a haemolysin (besides agglutinins) on 
injecting rabbits with horse serum . 4 

For some time past I have made experiments of this kind to demon¬ 
strate the existence in goat serum of free receptors identical with 
receptors of goat erythrocytes. These studies were prompted by 
the observation that a few normal goat sera exerted a slight inhibiting 
action on the amboceptors of rabbits immunized with ox blood, an 
action which Ehrlich and Morgenroth had shown to be due to an 
anti-immune body . 5 I am led to publish these experiments now 

then functionate as anti-immune bodies. See Ehrlich and Morgenroth, pages 
23 and 88. 

1 Ehrlich, Schlussbetrachtungen, 1. c. 

2 v. Dungern, Miinch. med. Wochenschr. 1890. 

3 Tschistovitsch, Annal. Inst. Pasteur, 1899. 

4 The increase in haemolytic action of rabbit serum for chicken blood after 
the injection of chicken blood-plasma, described by Nolf (Annal. Inst. Pasteur, 
1901), rests apparently only on an increase of complement, not on the develop¬ 
ment of new amboceptors. 

8 See pages 88 et seq. 
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because of a rather important contradiction which exists between 
them and certain experiments recently published by Schattenfroh . 1 
This author found that one can produce hcemolytic immune bodies for 
goat blood by injecting rabbits with goat urine. He was unable, 
however, to obtain these immune bodies by injection of the corre¬ 
sponding serum. It must at once be regarded as extraordinary that 
immune bodies which evidently are excreted through the kidney regu¬ 
lar ly and plentifully should be absent from the serum itself. It 
would, of course, have been possible to say that the concentration 
of the receptors in the serum was small compared to that in the urine, 
as is the case, for example, with urea, uric acid, and other substances. 
But the casual antiamboceptor action of the serum prevented this, 
and pointed to the presence in this of the dissolved receptors. As a 
matter of fact, therefore, the “interesting contradiction” described 
by Schattenfroh as existing between the action of the urine and the 
serum does not obtain; for it is possible by injecting rabbits with 
goat serum completely deprived of blood-cells to produce specific 
amboceptors. These amboceptors, to be sure, do not become mani¬ 
fest if the usual methods of investigation, such as have been em¬ 
ployed by Schattenfroh, are followed. They are, however, readily and 
surely demonstrated if one attends to certain fine details. 

As a rule a haemolytic serum obtained by specific immunization 
will, when fresh, dissolve the corresponding blood-cells; for, as v. 
Dungern has shown, in immunization with blood-cells the comple¬ 
ments usually do not in any sense suffer a change. Only one excep¬ 
tion is thus far known in this respect, namely, the injection of goat 
serum into the organism of a rabbit. Ehrlich and Moregnroth 2 have 
shown that the injection of goat serum into rabbits is followed by 
the loss of certain complements of the rabbit serum, a loss which is 
caused by the development of anticomplements directed against 
the complements of their own serum. These anticomplements are 
therefore to be regarded as auto-anticomplements. They not only 
suffice to neutralize the complements present in the serum, but are 
able to bind complement subsequently added. Thus the amboceptor 
of a rabbit mixed with goat serum is completely obscured; for if 
the immune serum is employed fresh, the fitting complements enabling 
it to act are lacking, while if the serum is inactivated and one seeks 

1 Munch, med. Wochenschr. 1901, No. 31. 

2 See pages 71 et seq. 
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to activate it by the addition of normal rabbit serum, the comple¬ 
ments of the latter will be made inert by the auto-anticomplement 
present. Since these auto-anticomplements, however, have no in¬ 
fluence on the binding of the amboceptor, the rational mode of pro¬ 
cedure is at once indicated. The blood-cells are mixed with the serum 
of the immunized rabbits and the mixture allowed to stand until 
the amboceptors present have been bound by the blood-cells. The 
latter are then separated by centrifuge, the supernatant fluid which 
contains the cause of the trouble, the auto-anticomplement, being 
removed. If the blood-cells are now mixed with fresh normal rabbit 
serum, the haemolysis which ensues in the incubator will show the 
presence of the anchored amboceptor. Should this method, which 
guards against all errors, prove successful, one can also get round 
the difficulty in an easier manner by using guinea-pig serum as com¬ 
plement. Against this serum, according to our experience, the auto¬ 
anticomplement is ineffective. This method, however, does not 
suffice if we wish to obtain results which permit of only one inter¬ 
pretation. In order surely to avoid another source of error it is 
well to modify the test still further. 

It has been found that normal rabbit serum possesses a con¬ 
siderable though variable haemolytic action for goat blood (see 
Table I). The question whether we are dealing with an amboceptor 
artificially produced or with one which was originally present requires 
detailed preliminary examination and control tests, and even then is 
very uncertain because the amboceptor normally present finds a 
supply of complement in guinea-pig serum more plentiful even than 
that in rabbit serum itself, as can be seen on reference to the table. 
This difficulty is avoided without further trouble if the amboceptors 
produced by immunization and which it is desired to find are taken 
out of the fluid by means of ox blood-cells instead of goat blood-cells. 
Because of the partial community of receptor of these two blood- 
cells this is perfectly allowable. As a rule, too, normal rabbit serum 
dissolves ox blood only very little, even though considerable comple¬ 
ment is present. (See Table I.) 

The experiments from which the conclusions are drawn in this 
study were therefore always made with ox blood. One cc. of a 5% 
suspension of ox blood-cells is mixed with varying amounts of serum 
from a rabbit immunized with goat serum, the mixture kept at 38° C. 
on a water-bath for one hour, then centrifuged, and either fresh rabbit 
serum added after the supernatant fluid had been decanted, or acti- 


246 


COLLECTED STUDIES IN IMMUNITY. 


TABLE I. 

Haemolysis of Goat Blood (1 cc. 5 %) by Fresh Serum of Normal Rabbits. 


Rabbit 

Serum. 

I. 

IX. j 

III. 

IV. 

V. 

VI. 

VII. 

0.25 

strong 

moderate 

little 

moderate 

complete 

little 

fair 

0.1 1 

moderate 

little 

0 

very little 

— 

0 

0 

0.05 

very little 

trace 

0 

0 

very little 

0 

0 


Haemolysis of Goat Blood by the Same Rabbit Sera Activated with 
0.15 Guinea-pig Serum. 


0.25 

complete 

complete 

complete 

complete 

complete 

complete 

complete 

0.1 

“ 

4 4 

strong | 

almost 

complete 

f “ 

strong 

4 4 

0.075 

44 

4 4 

\ ^ 

strong 

4 < 

— 

strong 

0.05 

.: i 

almost 

complete 

— 

44 

— 

0.025 



_ 






Haemolysis of Ox Blood by the Same Rabbit Sera Activated with 
0.15 Guinea-pig Serum. 


0.5 

1 trace 

faint trace 

faint trace 

faint trace 

trace 

very little 

fair 

0.25 

i o 

0 

0 

0 

faint trace 

trace 

moderate 

0.1 

0 

0 

0 

0 

0 

0 

little 


The fresh rabbit sera, even in amounts of 0.5, do not by themselves exert any haemolytic 
effect on ox blood. 


vation was effected by the addition of normal guinea-pig serum. 
The haemolytic action of the immune sera is seen in Table II. 

Rabbits were treated with goat serum which had been carefully freed from 
all blood-cells by continued centrifuging. Usually the serum was inactivated 
by heating it to 55° C. for half an hour, then it was injected intraperitoneally. 
As a rule the animals received two to three injections of increasing doses of serum, 
in all about 35-90 cc. More frequent injections caused no greater formation 
of amboceptors, a behavior which corresponds to that seen with the injection 
of ox blood or goat blood. 

These experiments show that specific amboceptors were developed 

in all the rabbits treated with goat serum. Quantitatively this was 
subject to individual fluctuations just as is seen following the injec¬ 
tion of blood-cells; in some cases the development was quite con¬ 
siderable. Most of the sera were examined fresh for their action on 
ox blood, and invariably showed themselves without action even in 
doses of 0.5 cc. 1 The addition of large amounts of normal rabbit 

1 The method here employed to disclose amboceptor^ whose presence is 
masked can often be used with success. Dr. Marshall and I shall shortly report 
an analogous case dealing with the amboceptors of a pathological exudate. 
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TABLE II. 

1.0 cc. 5% Ox Blood. 

A. Blood +*amboceptor are kept at 37° C. for oae hour. After centrifuging 
the fluid is decanted and the sediment mixed with 2 cc. physiological salt 
solution and 0.2 cc. rabbit serum as complement. 

Complete Haemolysis. 

Serum rabbit I.....0.05 cc. 

“ “ II.'. 0.05“ 

“ " III.0.25 “ 

B. BLOOD+AMBOCEPTon + 0.1-0.2 Guinea-pig Serum as Complement. 

.0.1 cc. 

.0.05 “ 

. 0.05 “ 

. 0.028 “ 

. 0.013 “ 

more than 0.25 

. 0.05 “ 

..less than 0.05 “ 

serum does not suffice to overcompensate the auto-anticomplement 
present. For example, the serum of rabbit III shows the following 
solvent action after the addition of 0.6 cc. rabbit serum: 


Serum, rabbit IY. 

“ “ V. 

« « VI 

" “ YII. 

“ “ VIII. 

“ “ IX. 

“ " X. 

“ “ XI. 


0.5 cc..0 

0.25 “. trace 

0.15 “. “ 

0.1 “. very little 


0.075 cc. 
0.05 “ 
0.025 “ 


very little 

tl u 

trace 


The abnormal course of this slight haemolysis shows very well 
the interference of anticomplement on the one hand and of the 
amboceptor on the other. 

The similarity of the amboceptor produced by injections of goat 
•serum to that produced by injections of blood is more plainly seen 
by the fact that the anti-immune body obtained by immunization 
acts against the former amboceptor just as well as against the latter. 
Table III shows this behavior very well. 

The anti-immune body used was contained in the inactivated 
serum of a goat which had been injected several times with the serum 
of rabbits immunized with ox blood. 0.3 cc. of this anti-immune 
body serum were mixed with varying amounts of the amboceptor sera 
to be tested and the mixtures kept at room temperature for one hour. 
Thereupon 1 cc. of a 5% suspension of ox blood-cells was added to 
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each specimen, which was then kept on a water-bath at 38° C. for 
one hour, after which the mixtures were centrifuged. The blood¬ 
cell sediment was again suspended in salt solution and 0.15 cc. guinea- 
pig serum added as complement. The solution which then ensued 
was a measure for the bound amboceptor, or for the deflection by the 
antiamboceptor. Control tests were made with 0.3 cc. normal in¬ 
active goat serum in parallel experiments. 


TABLE III. 

A. Inhibition - of the Amboceptor of the Babbit 
Treated with Goat Serum. 


Amount of 
Amboceptor. 

+ 0.3 Antiamboceptor. 

+0.3 Normal Inactive 
Goat Serum. 

0.25 

complete solution 

complete solution 

C C cc 

0.15 

strong 

0.1 

little 

cc cc 

0.075 

very little 

cc cc 

0.05 

0 

cc cc 

0.025 

0 

strong 


B. Inhibition of the Amboceptor of the Rabbit 
Treated with Goat Blood. 


0.2 

complete solution 

complete solution 

0.15 

strong 

CC ( c 

0.1 

little 

cc c c 

0.075 

trace 

cc cc 

0.06 

0 

cc c c 

0.05 

0 

moderate 

0.025 

0 

little 

0.012 

0 % 

trace 

0.009 

0 

0 


The antiamboceptor is thus seen to offer exactly the same pro¬ 
tection against the amboceptors obtained as a result of goat-blood 
injections and those resulting from goat-serum injections, whereby 
their identity is demonstrated. 

The presence of free receptors in the urine and serum leads to the 
conclusion that an active receptor metabolism exists in the organism 
of the goat; in other words, that receptors are constantly reaching 
the serum from the cells and are then excreted by the kidney. 
Whether one is here dealing with decomposition products or with 
the products of some secretion or other cannot be determined. The 
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fact that free receptors leave the serum to reappear in the urine seems 
to make it probable that they have no significance for the organism 
itself. On the contrary, one may suspect that these are products 
of regressive metabolism which are eliminated from the body as 
useless. The explanation that the free receptors originate from the 
breaking down of red blood-cells or other cells is entirely sufficient. 
It may be, however, that there is a physiological thrusting-off of 
the same which bears some relation to their nutritive function. In 
view of the elimination through the urine, it seems improbable that 
this constitutes a regular function as anti-immune body against the 
action of a possible autolysin. That certainly would be an unsuita¬ 
ble process. In fact the free receptors evidently do not generally 
possess the character of antiautolysins, as Besredka 1 believes, for 
by injecting a rabbit with ox serum it was impossible to obtain any 
haemolytic amboceptors. This corresponds to the negative results 
obtained by London 2 on injecting guinea-pigs with rabbit serum. 

One thing is clearly shown by the presence of dissolved substances 
capable of producing amboceptors, namely, that without the idea 
of “ receptors” a universally applicable conception of the origin and 
mode of action of the cytotoxins is impossible, as is also a clear con¬ 
ception of the nature of “specificity.” 

Subsequent Note .—In a recently published study (Munch, med. Wochen- 
schr. 1902, No. 32) P. Th. Muller reports on the production of haemolytic 
amboceptors by treating pigeons with guinea-pig serum, and he accepts the 
views here developed. 


1 Besredka, Annal. de lTnstitut Pasteur, Oct. 1901. 

2 London, Arch, des Sciences biologiques, St. Petersburg. 



XXIV. THE QUANTITATIVE RELATIONS BETWEEN 
AMBOCEPTOR, COMPLEMENT, AND ANTICOMPLE¬ 
MENT . 1 


By Dr. J. Morgenroth, Member of the Institute, and Dr. H. Sachs, Assistant 

at the Institute. 

I. Amounts of Amboceptor and Complement Required. 

Every laboratory in which systematic quantitative studies are 
made on haemolysis will have had encountered the relations exist¬ 
ing in different cases between the amounts of amboceptor and com¬ 
plement necessary for haemolysis. Attention was first called to these 
relations by v. Dungern, 2 who described a haemolytic experiment 
with ox blood-f amboceptor from a rabbit immunized with ox blood 
-f rabbit serum as complement. In this case he noticed that in order 
to accurately find the minimal amount of a completing serum neces¬ 
sary for haemolysis, it was necessary to employ a high multiple of that 
amount of amboceptor which is sufficient to effect complete solution 
when a large excess of complement is present. In determining the 
amount of complement required, v. Dungern therefore employed 
sixteen times the required amount of amboceptor. Gruber also says 
recently that “highly prepared (sensitized) human blood-cells/' in 
consequence of their preparatory treatment, are dissolved by a mini¬ 
mum of active normal serum. 

In the following we wish to describe several interesting observations 
made by us in the course of several years. 

We shall begin by describing a number of different cases in which 
the relations between the amount of amboceptor necessary for com¬ 
plete solution and that of the completing serum were studied. In 
the experiments 1 cc. of a 5% suspension of the blood-cells is always 
used. Especial emphasis is laid on the fact that in the comparative 
tests all the test-tubes contained the same volume of fluid. 

The first experiments were made with sheep blood+amboceptor 
of a goat immunized with sheep blood + guinea-pig serum as com¬ 
plement. (See Table I.) 

1 Reprint from the Berl. klin. Wochensehr. 1902, No. 35. 2 See page 38. 
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TABLE I. 

1 cc. 5% Sheep Blood + Amboceptor of Goats Treated with Sheep 
Blood + Guinea-pig Serum as Complement. 


Amount of 
Amboceptor. 


Proportion of 
the Amounts of 
Amboceptor. 


Amount of 
Complement 
Sufficient for 
Complete 
Solution. 


Proportion of 
the Amounts of] 
Complement. 
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The figures in Table I show that in the four similar cases here 
examined the relation between the amount of amboceptor and of 
the complement required is such that in the presence of larger amounts 
of amboceptor smaller doses of complement suffice for complete haemolysis. 
The relation is not exactly the same in the separate cases, as can 
readily be seen from the figures of columns 2 and 4. In one case (I) 
increasing the amboceptor eight times reduced the amount of com¬ 
plement required only to whereas in another case (IV) increas¬ 
ing the amount of amboceptor only four times reduced the comple¬ 
ment required to ^r. This shows us at once that there is no definite 

ratio between the two factors. The causes of this varying relation 
will be discussed later. 

The phenomenon in question is much less marked in the cases 
reproduced in Table II, in which the combination was ox blood + the 
amboceptor of specifically immunized rabbits+guinea-pig serum or 
rabbit serum as complement. 



0.4 


400 X 


0.01 
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TABLE II— Continued. 
B. The Same, but Rabbit Serum as 


Amount of 
Amboceptor. 


Proportion of 
the Amounts of 
Amboceptor. 


Amount of 
Complement 
Sufficient for 
Complete 
Solution. 


Complement. 


Proportion of 
the Amounts of 
Complement. 
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Here we see that the employment even of very high multiples of the* 
amboceptor effects a reduction in the amount of complement required 
of one-third to one-sixth at the most. But what is particularly char¬ 
acteristic for this case is the fact that the minimal amount of com¬ 
plement is almost reached with a small multiple of the “amboceptor 
unit,” 1 and that it does not materially change with a further in¬ 
crease of the amboceptor. Thus, in Table II, A, we see that when 
five times the amboceptor unit is employed the amount of comple¬ 
ment required is 0.01; when 25, 50, or 100 times the unit is employed 
the complement is 0.008. Table II, B, shows that with the employ¬ 
ment of two to three times the amboceptor unit the maximum of 
complement action is already attained. 

An entirely analogous behavior is shown by the cases in Table III, 
in which the same blood and the same amboceptor are used as in 
Table I, but in which different kinds of complement are added, 
namely, sheep serum and horse 'serum. 

These cases constitute the transition to those reproduced in Table 
IY which deal with ox blood+the amboceptor of goats treated with 
ox blood + three different complements, namely, guinea-pig, rabbit, 
and sheep serum respectively. In these also a limit is reached beyond 
which the decrease of complement required is but slightly or not at all 
affected by an increase in the amount of amboceptor. 

We see therefore that with an increase of the amount of amboceptor 
the amount of complement required at one time drops to a greater or less 
degree , at another time it remains unchanged. Upon what does this 
phenomenon depend? In order to explain this we must consider three 
factors which may be combined with one another, and which must be 
considered in each individual case. These are: 1. The receptors 
present in the red blood-cell. 2. The conditions of affinity. 3. The 
plurality of the amboceptors. 

So far as the first point is concerned we know that the amount of 
receptors of the red blood-cells may exhibit great differences in any 
individual case. 2 

1 We use the term “amboceptor unit” to specify that amount of amboceptor 
which on the addition of the optimal amount of complement just suffices for com¬ 
plete haemolysis. In the same sense It. Pfeiffer uses the term “immunity unit” 
when speaking of bactericidal sera. Corresponding to the amboceptor unit 
the “receptor unit” is that amount of'receptor which binds the amboceptor 
unit. 

2 See Ehrlich, Schlussbetrachtungen in Nothnagels spec. Pathologie und 
Therapie, Vol. VIII, Vienna, Holder, 1901; and Ehrlich and Morgenroth, page 71. 
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TABLE III. 

A. 1 cc. 5% Sheep Blood + Amboceptor op Goats Treated with Sheep 
Blood+Sheep Serum as Complement. 

B. The Same, but with Horse Serum as Complement. 



One erythrocyte may possess just so many receptors for a cer¬ 
tain poison as are necessary to bind a single solvent dose, i.e. there 
is present just a receptor unit, whereas in other cases such a multiple 
of the receptor unit may be present that a hundred times the ambo¬ 
ceptor unit is bound. In bacteria the latter condition is present to a 
still very much greater degree: agglutinins (Eisenberg and Volk) 
and bacteriolytic amboceptors (R. Pfeiffer) are bound in enormous 
excess, frequently as high as many thousand times the effective- 
amount. It is therefore entirely clear that these conditions must 
exercise a deciding influence on the fact whether an increased amount 
of immune serum decreases the amount of complement required 
or not. It may be regarded as self-evident that in all those cases, 
in which only the single effective dose can be bound, i.e. in which 
only one amboceptor unit is anchored, an excess of amboceptor can 
never exert a favorable influence; on the contrary an increase in the 
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amount of complement can readily result owing to the deflection 
phenomenon whose significance was first pointed out by M. Neisser 
and Weehsberg. 1 

TABLE IV. 

A. 1 cc. 5% Ox Blood+Amboceptor op Goats Treated with Ox Blood + 
Guinea-pig Serum as Complement. 

B. The Same + Rabbit Serum as Complement. 


C. The Same 4-Sheep Serum as Complement. 



The problem is more difficult in those cases in which the red blood- 
cells contain a plurality of receptor units and therefore bind a mul¬ 
tiple of amboceptor units. In these cases the result of the experi¬ 
ments will depend mainly on the following factors. 

We know that as a rule the affinity of the amboceptor’s comple- 
mentophile group is increased when the cytophile group is anchored 
by the receptors. If this relative increase of affinity is very large, 
the added complement will combine exclusively with the anchored 
amboceptor, and in certain doses will effect solution. In this case 

1 M. Neisser and Weehsberg, see page 120. I 
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the required equivalence will already be reached with the amount of 
complement just sufficient for solution, and an increase of the com¬ 
plement action by loading the blood-cells with additional ambo¬ 
ceptor will not occur. 

The conditions, however, are entirely different if the affinity of 
the complementophile group of the anchored amboceptor for the 
complement is only very slight; in other words, when we are dealing 
with an easily dissociated combination in a reversible process. In 
tha.t case, in accordance with a well-known chemical law, the more 
of one of the elements is in excess, the more of the completed combination 
will remain intact. Hence if there are very few receptor units in the 
blood-cells, it will be necessary to add very much complement in order 
to diminish the amount of dissociation and to cause the formation 
of an effective unit of hemolysin; if more receptor units are present, 
less complement will suffice. The tables here given present numerous 
considerations which show that little amboceptor-{-much complement 
and much amboceptor-{-little complement lead to the formation of the 
same amount of complement-amboceptor combination (hsemolysin 
unit) anchored by the receptors. 

A most conspicuous r61e, however, is played by the fact that the 
immune serum is not a simple substance, but is made up of partial ambo¬ 
ceptors to which various dominant complements of the sera correspond. 
Of especial importance in this respect are partial amboceptors present 
in immune serum in small amounts (and which therefore can only 
come into action when high multiples of the immune serum are 
employed), but which, for their completion, find a partial complement 
which is particularly plentiful in the completing serum. Such a 
partial amboceptor present in these small amounts (such, for example, 
as has been demonstrated in the serum of rabbits treated with ox 
blood) constitutes one of the main explanations for the phenomena 
above described. 

From these considerations we see that the various phenomena 
which we observe in the interdependence of the amounts of ambo¬ 
ceptor and complement required may have entirely different causes, 
but that, by regarding all of the three above-mentioned factors, these 
phenomena can be explained very naturally. Under these circum¬ 
stances it is, of course, not permissible to generalize from one particular 
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II, Amount of Amboceptor and Anticomplement Required, 

The following observations deal with the quantitative relations 
existing between the amount of amboceptor and that of the anticom¬ 
plement required to prevent haemolysis. In a number of cases we 
determined the amount of anticomplement which just suffices to 
prevent the solution of red blood-cells loaded with varying amounts 
of amboceptor, when that amount of complement was present which 
always just sufficed for complete solution. 

The majority of our experiments again refer to the solution of 
sheep blood by an immune serum (derived from a goat) whose ambo¬ 
ceptor is complemented by guinea-pig serum. This, it will be re¬ 
called, is the case in which with large amounts of amboceptor the 
complement required decreases considerably. For the anticomple¬ 
ment we made use of the serum of a goat which had previously been 
treated with repeated injections of rabbit serum. This serum, as 
can be seen from a previous communication, does not only protect 
against the complement of rabbit serum, but also against those of 
guinea-pig serum. 

To begin, the amount of completing guinea-pig serum was deter¬ 
mined which, with varying amounts of amboceptor, sufficed for 
the complete solution of 1 cc. 5% sheep blood. After this the quan¬ 
tity of anticomplement required in each instance to effect neutrali¬ 
zation was determined, whereupon complement and anticomplement 
were mixed and kept at 37° C. in an incubator for half an hour. 
Blood and amboceptor were then added. Such an experiment is 
reproduced in Table V. 

As shown in the table by the degree of haemolysis, the peculiar 
behavior is observed that with small amounts of amboceptor 0.015 
cc. anticomplement serum neutralize the complement of 0.05 in guinea- 
pig serum, whereas with large amounts of amboceptor 0.35 cc. anti¬ 
complement serum are required to neutralize 0.006 guinea-pig serum. 
If we calculate the amount of complementing serum neutralized in 
both cases by 1 cc. anticomplement serum, we find that in one case 
it is 3.3 cc., in the other 0.017 cc. Hence when large amounts of ambo¬ 
ceptor are employed the anticomplement acts 195 times weaker. 
The required amount of anticomplement is therefore absolutely 
dependent on the quantity of the amboceptor employed. This 
-becomes most evident by the fact that even with equal amounts of 




AMBOCEPTOR, COMPLEMENT, AND ANTICOMPLEMENT. 259 


complement required, but with varying additions of amboceptor (see 
columns a and b of Table V), different amounts of anticomplement 
(corresponding to the amount of amboceptor present) are required 
to neutralize the complement, more being required with larger amounts 
of amboceptor. In these cases , therefore , the amount of anticomplement 
required is far from being a simple function of the amount of comple¬ 
ment , but is dependent on the amount of amboceptor present. 

TABLE V. 

A. 


Amount of the Amboceptor. 

Amount of the Complement Sufficient for 
Complete Solution. 

0.3 

0.005 

0.05 

0.005 

0.01 

0.01 

0.005 

0.035 


B. 


Amount of 
Anticomple¬ 
ment. 

a 

Amboceptor, 0.3. 
Complement, 0.006 

b 

Amboceptor, 0.05. 
Complement, 0.006 

c 

Amboceptor, 0.01. 
Complement, 0.01. 

d 

Amboceptor, 0.005 
Complement, 0.05. 

0.35 

0 

0 

0 

0 

0.25 

faint trace 

0 

0 

0 

0.15 

trace 

0 

0 

0 

0.1 

t c 

0 

0 

0 

0.075 

moderate 

faint trace 

0 

0 

0.05 

complete 

trace 

faint trace 

0 

0.035 

moderate 

little 

0 

0.025 

11 

complete 

t i 

0 

0.015 

11 

11 

complete 

0 

0.01 

11 

11 

faint trace 

0 

(t 

(i 

(e 

complete 


In several other combinations, which we analyzed in a similar 
manner, we met with the same behavior to a greater or less extent. 
In Table VI such an experiment is reproduced; it deals with the 
solution of ox blood by an amboceptor derived from rabbits and 
complemented by guinea-pig serum. As in the previous case, inactive 
serum of a goat treated with rabbit serum served as anticomplement. 

In this case when small amounts of amboceptor are present 1.0 
cc. of the anticomplement serum neturalizes 1.0 cc. guinea-pig serum; 
with larger amounts of amboceptor it neutralizes only 0.067 cc.; 
i.e., about fifteen times less. 
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TABLE VI. 

Ox Blood +Amboceptor of an Ox-blood Rabbit+Guinea-pig Serum. 


Amount of 

Amount of Complement Sufficient to 

Amboceptor. 

Effect Complete Solution. 

0.2 

0.05 

0.004 

0.075 

Anticomple- 

Amboceptor, 0.2. 

Amboceptor, 0.004. 

ment. 

. 

Complement, 0.05. 

Complement, 0.1. 

0.75 

0 

0 

0.5 

strong 

0 

0.35 

almost complete 

0 

0.25 

0.15 

complete 

0 

0 

0.1 

11 

0 

0.075 

11 

trace 

'0.05 

it 

little 

0.035 

tt 

moderate 

0.025 

11 

strong 

0.015 

i c 

almost complete 

0.01 

t t 

complete 


The study of the phenomena of immunization has taught us that 
nothing is so liable to error as premature generalization. Hence 
we were not at all surprised to find that there are cases in which, 
in contrast to that above described, the quantity of anticomplement 
required appeared exclusively to be a function of the amount of 
complement, and in no way dependent on the degree of occupation 
of the receptors by amboceptors. Curiously enough this case con¬ 
cerns the combination first described, namely, sheep blood, ambo¬ 
ceptor of goats treated with sheep blood, and guinea-pig serum as 
complement, with this difference , however, that in this case the anti¬ 
complement was not the same , since it was derived from a rabbit treated 
with guinea-pig serum. This anticomplement, therefore, so far as its 
relation to guinea-pig serum was concerned, can be termed “ iso¬ 
genic” in contrast to the anticomplement previously used, which 
can be termed “alloiogenic,” since it was derived by injecting rabbit 
serum. The experiment is shown in Table VII. 

Here we see that neutralization of the ten times larger amount of 
complement, such as is made necessary by the smaller amount of 
amboceptor, requires ten times as much anticomplement as it does 
with one-tenth the quantity of complement when larger amounts 
of amboceptor are used. 
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TABLE VII. 


Amount of 
Amboceptor. 

Amount of Comple¬ 
ment Sufficient for 
Complete Solution. 

Amount of Comple¬ 
ment in the Anti¬ 
complement Test. 

Amount of Anticom¬ 
plement Required 
for Complete Neu¬ 
tralization, 

0.1 

0.02 

0.025 

0.04 

0.2 

0.0025 

0.0035 

0.0C5 

The results of the experiments : 
ally opposite, for in one case there 

in the various cases are diamctrie- 
is a relation between complement 


and amount of anticomplement required with different quantities of 
amboceptor, in other cases there is a wide divergence. How are 
these phenomena to be explained? 

To begin, let us assume for the sake of simplicity that comple¬ 
ment and anticomplement are of simple constitution. In that ease,, 
if, as all our experiments show, the affinity of complement is much 
greater for anticomplement than for amboceptor, the neutralization 
of complement and anticomplement should follow stoichiometric laws. 
As a matter of fact this is what we found in the last case (Table VII). 
In the first two cases, however, the results diverge so widely from 
this, and are moreover so far beyond the limits which might be c aused 
by errors, that from this fact alone it necessarily follows that con¬ 
ditions of affinity cannot by themselves suffice for an explanation. 
We are therefore compelled to call to our aid another factor, one 
which we have already emphasized, namely, the plurality of the comple¬ 
ments and anticomplements. 

Let us assume that in this case two dominant complements, 
A and came into play in the complementing serum. The serum 
serving as anticomplement must therefore contain the corresponding 
anticomplement a or /?. It is self-evident that the corresponding 
anticomplements are present in the isogenic serum; that they may 
also appear in the serum obtained by injection of a different serum, 
e.g. of rabbit serum, is shown by previous experience. It is not at 
all necessary to assume that rabbit serum contains exactly the same 
complements A and B present in guinea-pig serum; it suffices to 
assume a partial identity for the rabbit serum's complements (Ai and 
B{), namely, an identity in the haptophore group. 

Following the terminology of the theory of numbers in which “friendly 
numbers” (numeri amicabiles) are spoken of, one could designate complements 
of different species which correspond in their haptophore groups, as “friendly 
complements.” 
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Now if one injects any serum containing two different comple¬ 
ments, the production of partial anticomplements will to a great 
extent depend on the relative amount of the two complements. For 
example, if in one case there is considerable complement A and but 
little B , while in another case there is considerable B and little A, 
the anticomplement will be directed for the greater part against A 
in the one case, and against B in the other. It is therefore readily 
understood that with isogenic sera the yield of anticomplements can 
correspond fairly well to the mixture of complements present in the 
injected material, for the average composition of this mixture is 
quite constant. A serum thus results which to a certain extent is 
fitted to the complements of the serum injected. 

Since, however, a serum contains, not two complements as we 
have assumed for the sake of simplicity, but a large number of com¬ 
plements, it can, of course, happen even with isogenic anticomple¬ 
ments that a disharmony will occur so far as certain fractions of 
complements are concerned. The following case shows that even 
with an isogenic anticomplement the relative proportion between 
complement and anticomplement with different amounts of ambo¬ 
ceptor is not maintained. (See Table VIII.) 


TABLE VIII. 

Human Blood + Amboceptor of a Hxjman-blood Rabbit+Rabbit Serum -H 
Anticomplement from the Goat Treated with Rabbit Serum. 


Amount of Amboceptor. 


Amount of Complement Necessary for 
Complete Solution. 


0.2 

0.2 

0.05 


0.05 

0.05 

0.075 


Anticomplement. 

Amboceptor, 0.2. 
Complement, 0.05 

Amboceptor, 0.1. 
Complement, 0.05. 

Amboceptor, 0.05. 
Complement, 0.1. 

0.1 

0 

0 

0 

0.075 

0 

0 

0 

0.05 

trace 

0 

' 0 

0.035 

11 

0 

0 

0.025 

little 

trace 

0 

0.015 

moderate 

(t 

trace 

0.01 

almost complete 

little 

moderate 

0 

complete 

complete 

complete 


In this case 1.0 ce. anticomplement neutralizes 4.0 cc. complement when 
0.5 cc. amboceptors are present, 1.42 cc. when 0.1 cc. amboceptor is present 
and only 0.67 cc. complement with 0.2 cc. amboceptor. ' 
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A priori, it- is, of course, conceivable that in the rabbit the 
complements Ai and Bi exist exactly in the same proportion as do 
complements A and B in the guinea-pig, but we must admit that 
this would be a coincidence. In all probability the development 
of the alloiogenic anticomplement will result in a serum in which the 
proportion of the two anticomplements is absolutely different, so 
that, for example, anticomplement B will be present in much smaller 
amount than in the isogenic anticomplement serum. The behavior 
of this will then be as follows: A certain quantity of the isogenic 
anticomplement serum produced by guinea-pig serum (presupposing 
that its constitution is uniform) will neutralize guinea-pig serum in 
such a way that complement A and complement B of this mixture 
are neutralized at the same time. If we proceed to do the same 
with the alloiogenic anticomplement serum, we find that in the mix¬ 
ture of anticomplement and guinea-pig serum, complement A is 
completely neutralized, but that a larger or smaller excess of com¬ 
plement B is still unsaturated. In those cases in which comple¬ 
ment A is the dominant complement both mixtures will prove neutral; 
when amboceptors are employed for which B is the dominant com¬ 
plement, only one of the mixtures will be neutral, the other will still 
be active. 

Now we shall assume that with the employment of large amounts 
of amboceptor, a partial amboceptor comes into action which is 
present in the immune serum in relatively small quantity. This partial 
amboceptor is complemented by complement B contained in guinea-pig 
serum, whereas the preponderating amboceptor is sensitized by comple¬ 
ment A. Complement B finds a plentiful amount of anticomple¬ 
ment in the isogenic immune serum, but not in the alloiogenic serum. 
In the latter case, therefore, disproportionately much serum contain¬ 
ing B anticomplement will be required in order to inhibit the com¬ 
plement action when large quantities of amboceptor are present. If 
the difference becomes so great that the anticomplement against 
complement B is present only in very slight amounts, we shall have 
a condition like that described by Marshall and Morgenroth (see 
page 222). They found an ascitic fluid which was . effective only 
against a particular complement of a serum, while it was entirely 
inert against another serum of this same species. 

We have endeavored to establish this point of view on a wider 
experimental basis. With this end in view we first used small amounts 
of amboceptor, adding various multiples of the complementing dose 



264 


COLLECTED STUDIES IN IMMUNITY. 


of serum and then determining the amount of anticomplement 
required in each case. In one of the experiments we made a parallel 
test with a large excess of amboceptors. The results showed that 
under these circumstances, for each of the cases and with a certain 
amount of amboceptor, the anticomplement required is proportionate 
to the amount of complement. This is shown in Table IX. 

TABLE IX. 

1 cc. 5% Sheep Blood +Amboceptor of Goats Immunized with Sheep 
Blood + Guinea-pig Serum as Complement. 

The serum of a goat treated with rabbit serum, as anticomplement. 


Amount of 
Amboceptor. 

Amount of 
Complement. 

Amount of 
Anticomplement 
Necessary for Com¬ 
plete Neutralization. 

A. Little Amboceptor ( = 1 Amboceptor Unit). 

0.005 

0.1 

0.22 

0.005 

0.2 

0.4 

B. Much Amboceptor (=25 Amboceptor Units). 

0.125 

0.006 

0.24 

0.125 

0.012 

0.42 

0.125 

0.024 

0.8 


1 cc. 5% Ox Blood+Amboceptor of a Goat Immunized with Ox Blood 4- 
Rabbit Serum as Complement. 

The serum of a goat treated with rabbit serum as anticomplement. 


Amount of 
Amboceptor. 

Amount of 
Complement which 
is just Fully 
Neutralized. 

Amount of 
Anticomplement. 

0.15* 

0.2 

0.1 

0.15 

0.1 

0.05 

0.15 

0.05 

0.025 


* “about 2 amboceptor units. 


Here, then, we are dealing with the same phenomenon which in 
the domain of antitoxin immunity we know as the multiplication of 
the L 0 dose . From our standpoint this is easily explained, for if 
at any point in the saturation of the blood-cells’ amboceptors a 
certain amount of the complement dominant in this case is neutral¬ 
ized by a certain quantity of anticomplement, the other conditions 
will in no way be altered by a doubling, quadrupling, etc., of the 
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complement, and the amount of complement and that of anticom¬ 
plement required remain in the same ratio. A definite relation there¬ 
fore exists in every grade of amboceptor saturation between the amount 
of complement and that of anticomplement required. This is in con¬ 
trast to the great differences which appear when the occupation 
with amboceptors varies. The relation just described indicates that 
we are here dealing with a chemical process following stoichiometric laws. 

We should like to mention further that this peculiar behavior observed by 
us is of some importance in refuting an objection made by Gruber (1. c.) against 
Wechsberg. As is well known, Gruber believed he had shown that in the 
bactericidal sera anticomplements were present produced by the immuniza¬ 
tion. This he held to be very important, since according to his view it showed 
that the deflection of complements by excess of amboceptors, which had been 
described by Neisser and Wechsberg, was incorrect. This is not the place to 
enter into the great improbability of Gruber’s deductions, for this has already 
been well pointed out by Wechsberg, by Lipstein, 1 and by Levaditi. 2 Wechs¬ 
berg 3 repeated Gruber’s experiments, but was unable to confirm his results. 
Sachs also was unable to do this. Gruber has now objected to Wechsberg’s 
work on the score of a gross error, saying that Wechsberg worked with weakly 
sensitized blood-cells, whereas he had used strongly sensitized blood-cells. 
Wechsberg had therefore used considerably more complement than he, and 
had in consequence required much more anticomplement for neutralization, 
so that the presence of small quantities of anticomplement could easily have 
escaped Wechsberg. 

From what has been said above, however , just the contrary occurs; with alloio - 
genic sera larger amounts of anticomplement are used „ That the anticomple¬ 
ment which would be produced artificially by injections of bacteria (even if 
that be regarded as conceivable) would eminently be alloiogenic need not 
further be emphasized. It is shown by Table VIII that the conditions which 
Gruber assumed to exist do not obtain, even with an isogenic anticomplement, 
in Gruber’s case (human blood4-human-blood rabbit 4-rabbit serum). It is 
unnecessary to enter further into Gruber’s objections, for Wechsberg 4 has 
succeeded through the demonstration of complementophile amboceptoids in 
finding the source of the differences. These amboceptoids have meantime 
been found independently by E. Neisser and Friedemann 5 and by P. Th. Muller. 6 

It is immaterial in judging of this phenomenon whether in the anticomple¬ 
mentary sera used by Gruber the diverting amboceptoids developed as a result 
of long standing or under the influence of too high an inactivating temperature. 
The main thing is that even the phenomenon observed by Gruber and used 


1 Lipstein, see pages 132 et seq. 

2 Levaditi, Compt. rend. Soc. de Biol. 1902, No. 25. 

8 Wechsberg, Wiener klin. Wochenschr. 1902, Nos. 13 and 28. 

4 Ibid. 

6 Neisser and Friedemann, Berl. klin. Wochenschr. 1902, No. 29. 

8 P. Th. Muller, Munch, med. Wochenschr. 1902, No. 32. 
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by hi™ as an objection constitutes a new and telling demonstration of the 
correctness of the amboceptor theory. 

Thus we see that the anticomplement experiments give us a 
further insight into the mechanism of hemolysin action. This in 
its turn shows that the simple Unitarian conception must be aban¬ 
doned to be replaced by the view maintained by us that the exciting 
substances as well as the reaction products arising in immunization 
are exceedingly manifold in character. 








XXY. THE HEMOLYTIC PROPERTIES OF ORGAN 

EXTRACTS . 1 

By Dr. S. Korschun - , of Charkow, and Dr. J. Morgenroth, Member of the 

Institute. 

The first observations concerning the haemolytic properties of 
■organ extracts were published, so far as we are aware, by Metchni- 
koff . 2 

Proceeding from his observation that in the peritoneum of the 
guinea-pig goose blood-cells are taken up by certain phagocytes, 
the macrophages , and digested intracellularly, Metchnikoff sought to 
demonstrate digestive actions in vitro in extracts of such organs 
which are rich in macrophages. He regarded the haemolytic function 
as an indicator of this digestive action. He found that extracts of 
certain organs of guinea-pig (but not guinea-pig serum) exerted a 
haemolytic action on goose blood; the lymphoid portion of the omen¬ 
tum showed this action quite regularly, the mesenteric glands fre¬ 
quently, and in a limited number of cases the spleen. Of the other 
■organs the pancreas showed a marked, and the salivary glands a 
weak haemolytic action; the bone marrow, liver, kidney, brain and 
spinal cord, ovaries, testicles, and adrenals were inert. 

Metchnikoff found the haemolytic substance to be a soluble ferment 
contained in the macrophages; he termed it “macrocytase” to dis¬ 
tinguish it from the bactericidal ferment derived from microphages, 
which he calls “microcytase.” It shows itself to be a “cytase” 3 


1 Reprint from the Berlin, klin. Wochenschr. 1902, No. 37. 

2 Metchnikoff, Annal. de lTnstit. Pasteur, Oct. 1899; see further references 
in Metchnikoff, lTmmunitS, Paris, 1901. 

8 Metchnikoff and his pupils use the term “cytase” for our complements 
as well as for the complex cytotoxins (hsemolysins, bacteriolysins, etc.) of 
normal sera. It is to be regretted that although in numerous instances these 
have been shown to consist of amboceptor and complement this fact has not 
been sufficiently regarded by this school (see especially the recent studies by 
Sachs, pages 181 et seq., and Morgenroth and Sachs, page 233). 
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by its behavior toward heat, completely losing its action on being 
heated to 56° C. for three-quarters- of an hour. 

Observations in this same direction have been made by Shibayama 1 
and Klein, 2 and a comprehensive study by Tarassevitsch 3 has recently 
appeared from MetchnikofUs laboratory. 

Shibayama, working in Kitasoto’s laboratory, studied the action 
of extracts of guinea-pig organs on dog blood and obtained hemolysis 
with those of spleen and lymph glands, but not with those of bone 
marrow and other organs. Without further analysis he classes as 
identical the hemolytic substances of the organs and the specific 
hemolysins which appear in the serum after immunization with dog 
blood-cells. This leads him to the following conclusion: “From the 
facts mentioned it can readily be seen that the haemolytie side-chains 
of the guinea-pig are already physiologically present in the spleen and 
lymph-glands and that the injection of dog blood aids their hyper¬ 
production.” 

Klein prepared the organ extracts by crushing them with quartz 
gravel, then mixing with an equal amount of physiological salt solu¬ 
tion and filtering in the cold. The only constant effect was the 
haemolytic action of the extract of pancreas; in a few cases the ex¬ 
tract of kidney and of intestinal mucosa also dissolved the red blood- 
cells. 

Metchnikoff's experiments were continued in his laboratory by 
Tarassevitsch, who studied principally the organs of guinea-pigs, 
rabbits, and dogs. Corresponding to Metchnikoff’s first experiments, 
he tested the haemolytic action mostly on avian blood-cells, but also 
on those of mammals. In the guinea-pig, in the great majority of 
cases, he found the extracts of omentum, mesenteric lymph-glands, 
and spleen to be haemolytic. Besides this pancreas extract and in 
many cases salivary gland extract were haemolytic. In general the 
haemolytic action of the organ extracts of rabbits is weaker than that 
from the organs of guinea-pigs. Omentum, spleen, and mesenteric 
glands frequently were haemolytic; the salivary glands acted feebly; 
bone marrow, liver, and thymus were not haemolytic. According to 
Tarassevitsch , therefore, only the macrophagic organs and the digestive 
glands possess a hcemolytic action. 

1 Shibayama, Centralblatt f. Bact., Vol. 30, 1901, No. 21. 

2 Klein, K. k. Ges. der Aerzte in Wien, Sitzung von Dec. 20, 1901, reported 
in Wiener klin. Wochenschr. 1901, No. 52. 

3 Tarassevitsch, Snr les Cytases, Annal. de lTnst. Past. 1902. 
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If the organ extracts are heated to 56° C. for half or one hour 
the haemolytic property disappears in many cases; in other cases it 
is diminished; very rarely it remains unchanged. According to 
Tarassevitsch, this variation from the “cytases” (which in general 
are destroyed by heating for half an hour to 56° C.) is only an apparent 
one. In the organ extracts the “macrocytase” is not completely 
liberated, but is held back to a great extent by the cell detritus pres¬ 
ent in the emulsion. It leaves the detritus only very slowly and 
incompletely, as is shown by the fact that the entire emulsion is always 
more active than the fluid portion obtained by centrifuging, and 
also that by filtering through paper the clear fluid is deprived of the 
greater part of the properties which the entire emulsion possesses. 
This filtered fluid, in which, according to Tarassevitsch, all the 
“cytases” present are in dissolved form, is said to behave toward 
thermal influences like haemolytic serum. 

Finally according to Tarassevitsch the thermostability of the entire 
extracts is not very great . If he heated his extracts a little higher, one 
to two hours , to 58.5°, 60°, 62°, the haemolytic property disappeared com¬ 
pletely. 

From this behavior toward thermic influences Tarassevitsch 
concludes that the relationship of the hsemolytic substances of the 
organ extracts to the “cytases” of serum is perfectly clear, and that 
it is incorrect to ascribe a hsemolytic property which can be de¬ 
stroyed at such low temperatures, to osmotic phenomena or to the 
presence of “de quelques substances chimiques.” Hence, as Metchni- 
koff assumed, the organs in question contain a macrocytase, and this 
circumstance proves that the macrophagic organs must play a r61e in 
the formation of the natural and the artificial hsemolysins. 

In the following pages we shall describe certain experiments in 
which we have reached essentially different results from those obtained 
by Metchnikoff and Tarassevitsch. 

The emulsion of the organs was prepared as follows: The organs removed 
from the exsanguinated animals are rubbed up very finely with sea-sand which 
has first been purified with hydrochloric acid. Then 5 to 10 times their weight 
of physiological salt solution is added and the mixture thoroughly shaken 
in a shaking-machine for two hours, whereupon the coarser particles are re¬ 
moved through several hours’ centrifuging. A more or less uniformly clouded 
fluid remains. The organ extracts were employed as fresh as possible, though 
it was found that they could well be preserved by freezing them at —10° to 
-15° C. 1 _ 

1 On thawing them out we often observed the appearance of numerous 
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In studying the hsemolytic action blood-cells were used which had been 
freed from serum as much as possible. 

The series of tubes was kept in the thermostat at 37° C. for two to three hours 
and overnight in the refrigerator at 8° C. In the presence of large amounts of 
organ extracts hsemolysis proceeds rapidly; with small amounts it is very slow. 
The tubes must be frequently shaken while being kept at 37°; the result can 
only be judged of on the following day. 

To begin we sought to gain a general idea of the haemolytic action 
of several organ extracts on various species of blood. The extracts 
of intestine and of stomach of the mouse as well as that of the stomach 
of guinea-pigs and of the pancreas of oxen always showed a strong 
haemolytic action on all species of blood which we examined, 1.0 cc. 
to 0.5 cc. of the extracts sufficing to completely dissolve 1 cc. 5% 
blood of rabbit, guinea-pig, mouse, rat, goat, sheep, ox, pig, horse, 
dog, or goose. The rest of the organ extracts examined, namely 
guinea-pig intestine, rat intestine, rat stomach, varied in their haemo¬ 
lytic property with different bloods, qualitatively as well as quanti¬ 
tatively. Extract of guinea-pig spleen dissolved only dog blood and 
guinea-pig blood; extract of mouse spleen possessed a feeble haemolytic 
action on guinea-pig blood and pig blood. Extract of guinea-pig 
adrenals dissolved both the blood species examined in this case, viz., 
guinea-pig blood and goose blood. We found the extract of spleen, 
mesenteric lymph nodes, pancreas, stomach, intestine, and adrenals 
of one dog to be strongly haemolytic for guinea-pig blood, whereas 
in another case the spleen showed itself absolutely inert, although 
the pancreas was strongly haemolytic. This variation in the haemo¬ 
lytic action on various blood-cells has already been noticed by other 
investigators, and we therefore desire merely to call attention to a 
point which thus far has not been regarded, namely, that the organ 
extracts are able to dissolve the blood-cells of the same species and even 
of the same individual from which they are derived. 

Thus according to our experience emulsions of guinea-pig stomach, 
spleen, adrenal, kidney, and intestine, of mouse intestine and stomach, 
of rat intestine and stomach, of ox pancreas, dissolve the red blood- 
cells of their own species. The relation existing between this action 
on the blood of the same species and haemolysis of foreign species of 
blood is shown by the following two experiments. (See Table I.) 

clumps in the organ extracts which before had been free from visible particles. 
These clumps could be separated by centrifuge, and exhibited a haemolytic 
action when suspended in salt solution. 
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TABLE I. 


Emulsion of Mouse Intestine (10%). 



1 cc. 5% 

Ox Blood. 

lcc. 5% Guinea- 
pig Blood. 

1 cc. 5% Mouse 
Blood. 

1.0 

0.75 

0.5 

0.35 

0.25 

0.2 

0.15 

complete 

11 

almost complete 
trace 

0 

0 

0 

complete 

11 

( c 

ic 

11 

11 

i ( 

complete 

11 

i c 

trace 

0 

0 

Emulsion op Beef Pancreas (10%). 


1 cc. 5% 
Rabbit Blood. 

1 cc. 5% Guinea- 
pig Blood. 

1 cc. 5 % 

Ox Blood. 

0.5 

0.35 

0.25 

0.15 

complete 

strong 

0(?) 

complete 

0 

0 

0 

complete 

0 

0 

0 


These experiments show that the susceptibility of the body’s own 
blood may be very great, even as great as that of a foreign species 
of blood. Whether all these extracts dissolve the blood of the own 
individual we have not determined; we regard it as probable, however, 
since positive results were obtained in all experiments which we made 
in this direction, especially with extracts of mouse intestine and of 
guinea-pig stomach. 

These experiments (especially those with the extract of guinea- 
pig spleen, which Shibayama too found to be active only for dog 
blood) show that we are not here dealing with hemolytic poisons of a 
general kind (such as saponin, the gallic acid salts, and certain alka¬ 
loids, like solanin, which dissolve all blood-cells regardless of species), 
but that these haemolytic poisons possess a certain specificity which 
is of special biologic interest. 

The property of organ extracts to dissolve the blood-cells from the 
same individual is of great significance because neither when normal 
nor after immunizing procedures does the blood-serum of these animals 
ever contain substances which damage the blood-cells of the animal 
itself (autohsemolysins). Tarassevitsch himself noticed the great dif¬ 
ference. existing, on the one hand, between the absence of a marked 
haemolytic action of guinea-pig serum on foreign species of blood 
and the strong haemolytic action of the extracts of certain guinea-prig 
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organs, on the other. He believes to explain this by assuming a 
difference in the macrocytase extracted from the organs and that 
present in the serum. In any case this constitutes a serious dilemma 
for Tarassevitsch; for either there are several “macrocytases” as 
opposed to the Unitarian view of Metchnikoff or the macrocytase of 
serum is identical with that of the organ extracts. In view of this 
entirely different behavior, however, the latter does not appear 
acceptable to Tarassevitsch. 

Our first question was an entirely different one, for in all the cases 
of hemolysis and bacteriolysis sufficiently examined we had never 
met with a simple alexin in the sense of Buchner and Metchnikoff, but 
invariably found a coaction of amboceptor and complement. In view 
of this our investigations had, above all, to determine whether the 
haemolytic organ extracts could be shown to be characterized by 
complement and amboceptor. 

These first doubts, namely, whether these substances corresponded 
to what we conceive as the complex hsemolysins of blood-serum, led 
us to study the haemolytic organs in respect to those main character¬ 
istics which we have come to know in our study of the complex hse¬ 
molysins. These are: 1. The behavior toward thermic influences. 
2. The behavior when bound to the red blood-cells at low tempera¬ 
tures. 3. The power of producing antibodies by immunization. 

We shall begin by describing a number of typical experiments which 
show the behavior of the organ extracts toward higher temperature. 
Let us glance first at the experiments dealing with the effect of organ 
extracts on goose blood-cells, for this is the blood species which has 
been mainly used by Metchnikoff and Tarassevitsch. (See Table II.) 

These experiments clearly show that in most of the cases the 
haemolytic action of organ extracts on goose blood-cells is not at 
all or but slightly affected by a three-hour heating, to 62° C., and that 
heating to 100° C. for one hour and even for three hours does not 
produce any further damage. Only the haemolytic effect of extract 
of mouse intestine is reduced to about one-half by the heating to 
62° C.; heating to 100° C. for three hours causes but little additional 
damage. But that this cannot be a true destruction of part of the 
hseraolysin will be discussed later. We wish next to present additional 
experiments dealing with the behavior of heated organ emulsions on 
guinea-pig blood. (See Table III.) 

Nor is this result changed if stronger agents, such as alkalies or 
acids, are employed at high temperatures. (See Table IV.) 
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TABLE II. 

A. Action of Heated Organ Extracts on Goose Blood-cells (1 cc. 5%). 
I. Extract of Dog Spleen (10%). 



Not Heated. 

3 Hrs. (62°). 

0.2 

complete solution 

t i a 

complete solution 

0.15 

almost complete 

0.1 

very little 

very little to trace 


II. Extract of Dog Stomach (10%). 



Not Heated. 

3 Hrs. (62°). 

1 Hr. (100°). 

3 Hrs. (100°). 

0.35 

complete 

complete 

complete 

complete 

11 

0.25 

11 

11 

tt 

0.15 

t ( 

( t 

tt 

tt 

0.1 

very little 

very little 

very little 

very little 


III. Extract of Dog Pancreas (10%). 



Not Heated. 

3 Hrs. (62°). 

1 Hr. (100°). 

3 Hrs. (100°). 

0.75 

complete 

complete 

complete 

complete 

0.5 

t t 

(( 

i t 

fairly complete 

0.35 

strong 

0 

0 

0 

0.25 

very little 

0 

0 

0 

0.15 

0 

0 

0 

0 


IV. Extract of Dog Mesenteric Lymph Glands (10%). 



Not Heated. 

3 Hrs. (62°). 

1 Hr. (100 0 ). 1 

3 Hrs. (100°).* 

0.75 

complete 

complete 

complete 

complete 

0.5 

11 

strong 

strong 

0.35 

11 

almost complete 

very little 

very little 


1 Enormous coagula. 


V. Extract of Mouse Intestine (5%). 



Not Heated. 

3 Hrs. (62°). 

1 Hr. (100°). 

3 Hrs. (100°). 

0.35 

complete 

complete 

complete 

11 

complete 

0.25 

11 


moderate 

0.2 

it 

strong 

strong 

11 

0.15 

it 

moderate 

little 

little 

0.1 

almost complete 

little 

trace 

trace 
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TABLE III. 

Action of Heated Organ Extracts on Guinea-pig Bixxid (I cc. 5%) 
I. Extract of Dog Mesenteric Glands (5%). 


Not Heated. 1 Hr. (64°). 30 Hrs. (100°). 

complete complete complete 

trace 0 faint trace 

0 0 0 


II. Extract of Ox Pancreas (10%). 


Not Heated, 
complete 

t i 

strong 


1 Hr. (62°). 

complete 
11 

strong 


III. Extract of Ox Pancreas (20%). 

Not Heated. 1 Hr. (68°). 1* Hrs. (100°). 

.15 complete complete complete 

.1 

.075 trace trace trace 

i.05 0 faint trace 0 

IV. Extract of Guinea-pig Stomach (10%). 


Not Heated, 
complete 
strong 


3 Hrs. (65°). 
complete 


TABLE IV. 

Extract op Ox Pancreas (10%). 


Not Treated. 

Containing 1/50 n. HC1 
Heated to 60° for 30 Min. 
and Neutralized 

Containing 1/50 n NaOH 

Heated to 60° for 30 Min. 
and Neutralized. 

complete 

complete 

complete 

almost complete 

almost complete 

faint trace 

0 

0 

0 

0 

0 
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All these experiments show that the organ extracts will bear 
heating to 62-68° C. for hours, and even 100° for several hours, with¬ 
out suffering any change in their haemolytic properties worth men¬ 
tioning. In these experiments, in fact, we have been unable thus 
far to find any limit for the thermostability of the organ extracts. 
We are therefore dealing with substances which withstand boiling 
(coctostabile), and this fact in itself is sufficient to disprove the assump¬ 
tion that they are “cytases.” 

The next question, of course, is how such a fundamental divergence 
between our results and those from MetchnikofPs highly esteemed 
laboratory can be explained. We think we have discovered the cause 
of this.difference. It is as follows: 

In the above experiments it is of the greatest importance to shake 
the fluid previous to testing its haemolytic property; in that way the 
more or less plentiful precipitate formed on heating is again uniformly 
distributed throughout the fluid. Only the coagulum produced by 
heating possesses a haemolytic action. According to our experience, 
if a precipitate has been produced through heating, the clear fluid 
which is separated from this no longer possesses any hcemolysin what¬ 
ever, If the precipitate is separated by centrifuge the clear fluid will 
be found inert; on suspending the sediment in the requisite quantity 
of physiological salt solution a new emulsion is obtained which has 
preserved the haemolytic property. This is shown in the following 
table. 1 

According to these experiments it would seem very probable that 
the contradictory results obtained by us on the one hand and by 
Metchnikoff and Tarassevitsch on the other are due to insufficient 
regard being paid by the latter to the precipitates formed in the 
organ extracts on heating. 

If we assume that the haemolytic, coctostable substance is present 


1 The coagula formed on heating may be so plentiful that they render an 
exact observation of haemolysis exceedingly difficult. It is frequently seen that 
haemolysis by means of heated organ extracts which are filled with coagula 
proceeds very slowly; apparently the precipitates offer considerable resistance 
to the escape of the haemolytic substance. Naturally, this constitutes a source 
of error, since with low temperature and too short a time for observation the 
haemolytic action is underrated. This may also explain the occasional weaken¬ 
ing of heated organ extracts, to which we have already referred; in that case 
the weakening would not be due to a partial destruction of the haemolytic 
substance. 
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TABLE Y. 

I. Extract of Dog Lymph Glands (10%). 


Guinea-pig blood (1 cc. 5%). 



Fresh. 

1 Hr. (62°). 

(No Coagulum.) 

1 Hr. (100°). 
Slight Precipitate, 
Centrifuged, and 
Suspended in Salt 
Solution. 

1 Hr. (100°). 
The Clear Fluid 
obtained by 
Centrifuging. 

2.0 

_ 

_ 

complete 

0 

1.5 

— 

— 

11 

0 

1.0 

complete 

complete 

11 

( t 

0 

0.75 

11 

— 

0 

0.5 

11 

c t 

complete 

— 

0.25 

11 

strong 

— 

— 

0.15 

strong 

very little 




II. Extract of Dog Pancreas (20%). 
Guinea-pig-blood (1 cc. 5%). 



Fresh. 

1 Hour (62°). 
(No Coagulum.) 

1 Hr. (100°). 
Slight Precipitate. 
Centrifuged, and 
Suspended in Salt 
Solution. 

1 Hr. (100°). 
The Clear Fluid 
obtained by 
Centrifuging. 

2.0 

— 

— 

complete 

0 

1.5 

— 

— 

11 

0 

1.0 

complete 

complete 

11 

tf 

0 

0.75 

t i 

— 

0 

0.5 

11 

little 

moderate 

0 

0.25 

little 

0 

— 

— 

0.15 

11 

0 

— 



III. Extract of Dog Intestine (10%). 
Goose blood (1 cc. 5%). 



1 Hr. (100°). 
Precipitate again 
Uniformly 
Distributed. 

1 Hr. (100°). 
Precipitate after Centri¬ 
fuging, Suspended in 
Salt Solution. 

| 1 Hr. (100°). 

Centrifuged Fluid 
still somewhat 
Cloudy. 

1.5 

complete 

complete 

little 

1.0 


11 

trace 

0.75 

(t 

11 

0 

0.5 

it 

almost complete 

0 

0.35 

almost complete 

0 

0 

0.25 

— 

— 

0 

0.2 

— 

— 

0 

0.15 

9 — 

— 

0 
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TABLE Y— Continued. 

IV. Extract of Mouse Intestine (10%). 
Goose blood (1 cc. 5%). 



3 Hrs. (100°). 
Precipitate again 
Uniformly Distributed. 

3 Hrs. (100°). 
Precipitate Suspended 
in Salt Solution. 

3 Hrs. (100°). 

Clear Centrifuged Fluid. 

1.0 

complete 

— 

0 

0.75 

i i 

complete 

— 

0.5 


0 

0.35 

tt 

strong 

0 

0.25 

moderate 

trace 

— 

0.2 


< i 

— 

0.15 

little 

faint trace 

— 

0.1 

very little 

minimal 

— 


in the organ extracts in dissolved form we find it difficult to under¬ 
stand the fact that it is abstracted from the fluid by means of the 
coagulum formed on heating. To be sure, one could think of an 
absorption by the coagulum. The complete abstraction by means 
of heating is, however, readily understood if the haemolytic substance 
is present, not in solution, but in a state of finest suspension; for it is 
a matter of common experience that substances finely suspended in 
a fluid are carried down with a precipitate produced in the fluid. 
The technique of clearing cloudy fluids rests to a large extent on such 
precipitations. 

We have not yet been able to decide definitely whether the hae¬ 
molytic substance is present in the fluid in dissolved form or in very 
fine suspension; we incline strongly to the latter view. We base 
this (1) on numerous experiences which show that by filtering the 
organ extracts through porous filtering candles the fluid obtained 
is entirely inert; (2) on the behavior of the haemolytic substance 
when treated with alcohol. 

One part of a 1% extract of ox pancreas is mixed with ten parts 
96% alcohol, and after a time the fluid is filtered off from the flaky 
precipitate which has formed. The entirely clear filtrate is distilled 
in vacuo and the portion left behind mixed with physiological salt 
solution. A coarsely flocculent suspension is thus obtained which 
possesses strong haemolytic action, about one-half to one-third of the 
original strength. If this mixture is now filtered, the clear filtrate is 
found to be absolutely inert, whereas the flakes washed from the 
filter exhibit almost the full haemolytic effect. The following experi¬ 
ment will serve as an example. 
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TABLE VI. 


Guinea-pig Blood (1 cc. 5%), Extract of Ox Pancreas (10%). Portion 
Left from the Alcoholic Distillate Suspended in 0.85% Salt Solu- 

TION. 



Total Fluid. 

Clear Filtrate 

Suspension of the 
Flakes. 

1.0 

complete 

0 

complete 

0.5 

t i 

0 


0.35 

— 

0 I 

( C 

0.25 

complete 

0 

i t 

0.15 

— 

0 

strong 

0.1 

moderate 

0 

1 

trace 


We are therefore evidently dealing with a substance which in the 
above treatment is dissolved in the alcoholic fluid but which is soluble 
to only a very slight degree in salt solution. 

Naturally a certain degree of solubility is always one of the con¬ 
ditions of the haemolytic action observed, but this need only be a 
minimal one. The blood-cells can anchor the amount of haemolytic 
v substance in solution at any given time and so render the fluid capable 
of taking up small amounts of the substance anew. This conception 
of a relative insolubility of the substance is readily reconciled with 
the haemolytic action. The process which takes place reminds one 
of that occurring with certain dyes, which, although not given off to 
the water from the dyed fibre, are nevertheless able by means of the 
watery medium to go from the dyed to undyed fibres. 

The coctostability of the haemolytic substances of organ extracts, 
their adherence to solid particles, their solubility in alcohol—all these, 
in our opinion, show that these substances cannot be classed as iden¬ 
tical either with the “cytases” of Metchnikoff or with our complex 
hsemolysins. Nevertheless we have still further examined these 
substances for properties which characterize the hsemolysins. 

In one case, therefore, we studied the action of our organ emulsion 
on blood-cells at 0° C. in order to determine the possiblity of separating 
a possible amboceptor and complement. 

To each 1 cc. of a 5% suspension of guinea-pig blood which had 
been thoroughly cooled on ice, varying amounts of cooled extract of 
ox pancreas were added and the mixture kept at 0° for two hours 
and frequently shaken. In this case slight solution occurred only 
with large quantities of the extract. Then.the mixtures were cen¬ 
trifuged, the sediment resuspended in salt solution (1.5 cc.), and the 
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decanted fluid mixed with 0.05 cc. of guinea-pig blood freed from 
serum. (See Table VII.) 


TABLE VII. 

Gtjinea-pig Blood (I cc. 5%). 


Pancreas 

Extract. 

Solution at the 
End of Two 
Hours at 0°. 

Haemolysis with 
the Decanted 
Fluid. 

Haemolysis of 
Sediment. 

Control, Absolute 
Action in 
Warmth. 

1.0 

little 

complete 

complete 

complete 

11 

0.5 

0 

0 

0.35 

0 

0 


it 

0.25 

0 

0 

almost complete 

n 

0.15 

0 

0 

strong 

strong 


We see, therefore, that at 0° the single solvent dose has been com¬ 
pletely anchored by the blood-cells and that after centrifuging this 
leads to complete solution at higher temperatures; double the solvent 
dose is still completely anchored by the blood-cells. This condition 
of affairs does not at all correspond to the behavior of the complex 
haemolysis of serum. 

It still remained to study another fundamental characteristic, 
namely, the formation of antibodies. 

We made peritoneal injections into rabbits, using for this purpose 
a strongly active extract of ox pancreas that had been sterilized by 
heating to 60° C. for one hour. The precipitate which developed being 
regarded as the true active constituent, the mixtures were thoroughly 
shaken and the whole injected. Two rabbits received 20 cc., 45 cc., 
and 60 cc. of the extract at suitable intervals and were bled ten days 
after the last injection. The antihaemolytic action of the serum against 
the extract was found to be exactly the same as that of normal rab¬ 
bits. (See Table VIII.) 

As can be seen from this experiment (the result of which is con¬ 
firmed by a number of similar experiments with the serum of other 
rabbits and of a goat treated in like manner) it has not been possible 
to produce antibodies by injections of pancreas extract. 

The experiment, moreover, shows that normal rabbit serum already 
possesses a marked inhibiting action on the haemolysis through organ 
extracts. 1 We have been able to demonstrate this on all the species 


1 This action of the serum must always be taken into account in the ex¬ 
periments, and the blood-cells first washed. 
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TABLE VIII. 

1 cc. Guinea-pig Blood +0.5 Extract of Ox Pancreas« Twice 
the Solvent Dose. 



of sera investigated by us; it is especially marked in ox serum, as can 
be seen by the following examples. (See Table IX.) 


TABLE IX. 

1 cc. 5% Guinea-pig Blood +-0.5 cc. Extract of Ox Pancreas. 




That these antihaemolytic actions of normal sera are not due ta 
antibodies in the proper sense is shown by the fact that this protective 
action withstands the action of high temperature, even 100° C. This 
is shown by the following table. 
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TABLE X. 



Extract of 
Pancreas. 

cc. 

1 cc. 5% Guinea-pig Blood+0.2 cc. (1 cc. 

— %) Goat Serum. 

Goat Serum was Heated for 1 Hour 

Without Serum. 

at 70°. 

at 100°. 

1 

1.0 

complete 

complete 

complete 

2 

0.75 

trace 

faint trace 

Cl 

3 

0.5 

0 

0 

i e 

4 

0.35 

0 

— 

11 

5 

0.25 

0 

— 

\ “ 

6 

0.15 

0 

— 

faint trace 

7 

0.1 

0 

— 

0 

8 

0 

0 

— 

0 


The serum was diluted five times with tap-water and after heating the 
corresponding amount of salt was added. 


This experiment shows that the goat serum, which in amounts of' 
0.2 cc. almost completely neutralizes three times the solvent dose of 
the emulsion, does not suffer the slightest loss of action even when 
heated to 100° C. for one hour; that an antibody in the proper sense 
is, therefore, not present. 

Whether the coctostable substance which acts here is a simple 
unit which acts specifically on the haemolytic substance of the organ 
extract, or whether we are dealing with a complex of bodies having 
an “antireactive” action, can only be determined by further investi¬ 
gations. 1 

The haemolytic substances found in organ extracts and examined, 
by us are, therefore, 

1. Coctostable; 

2. Soluble in alcohol; 

3. Not complex; 

4. Not able to excite the production of antibodies . 

This shows that we are dealing with substances which are entirely 
distinct from the haemolysins of serum and which belong into a 
peculiar class of substances acting haemolytically. 


1 Analogous actions of coctostable substances have recently been observed 
by Korschun, who has described a “pseudo-antirennin” of normal sera 
(Zeitschr. f. physiol. Chemie, Vol. 36, Nos. 2 and 3, 1902). A thermostable 
substance inhibiting the action of urease has also been recently described by 
Moll (Hofmeister's Beitrage, Vol. II, Nos. 7-9). 
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These substances show a certain analogy to the bactericidal 
bodies obtained by Conradi 1 in the autolysis of organs, since the 
latter are also coctostable and soluble in alcohol. In contrast to 
the former, however, Conradi J s substances pass through porous filters. 

At present it is impossible to say whether these substances are 
already preformed in the living cell or whether they originate only on 
the disintegration of the living protoplasm either through destruction 
of the ceils or through the influence of the extracting agents. The 
presence of amboceptors and complements in the living cell is in no 
way prejudiced by this demonstration. In the future, however, the 
sources of error pointed out by us must be taken into account in 
drawing conclusions. 

One thing must be regarded as certain, that these experiments 
disprove the identity of the haemolytic substances in question and 
the “cytases” in the complements of serum. 


1 Conradi, Beitrage zur chem. PhysioL in Pathol., Vol. 1, Nos. 5 and 6,1901. 



XXVI. REVIEW OF BESREDKA’S STUDY, “LES ANTI- 
HEMOLYSINES NATURELLES .” 1 

By H. T. Marshall, M.D., and Dr. J. Morgenroth. 2 

The chief result of Besredka's study is the following conclusion: 
The serum of sick and healthy persons contains an antihcemolysin, in 
the form of a simple antiamboceptor , which acts exclusively on the 
specific ambocepter fitting human blood. The amboceptor used in 
this author's experiments, and conceived as strictly Unitarian, was 
derived from a goat treated with human blood. Antihaemolysins 
which protect the blood-cells of species other than man against haemoly- 
.sins are not present in human serum, and the rule that the normal 
antihsemolysin, i.e., the antiamboceptor of a serum, always protects 
only its own blood-cells, is of general application. 

It was easy for us to show by experiments that the last generaliza¬ 
tion is entirely untenable. The most varied kinds of sera (thus 
•especially horse serum) protect human blood-cells against specific 
hsemolysins, 3 and conversely, according to our experiments, human 
serum protects ox blood-cells. 

It is absolutely necessary, above all, to get the two false premises 
out of the way which give rise to all of Besredka’s mistakes. This 
is a simple matter, for these premises were possible only because the 
•experiments which had long since shown them to be untenable were 
ignored. The two erroneous premises are: 

1. All the amboceptors obtained by injecting any species whatsoever 
with a particular species of blood are entirely identical. Thus Bes- 
redka assumes that if different species, e.g., rabbits, guinea-pigs, 


’ Annal. de ITnstitut Pasteur, Oct. 1901. 

2 From a detailed study, u Uber Anticomplemente und Antiamboceptoren 
normaLer Sera und pathologischer Exsudate/ 7 appearing in Zeitschrift fur 
Minische Medicin, where the experimental part is to be found. 

8 See our experiments in Zeitschr. fur klin. Medicin, Table III. 
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goats, are injected with, blood-cells of a different species, say man, 
the amboceptors developed will all be identical. 

2. Haemolysis of foreign species of blood by normal sera is due 
exclusively to the presence of a single, simple alexin, and not to a 
complex hemolysin consisting of amboceptor and complement. 

The thorough studies of Ehrlich and Morgenroth positively prove 
the incorrectness of the first assumption. Above all, these investi¬ 
gations showed that that body in a hemolytic immune scrum, which 
we term the amboceptor, can, in one and the same animal, be shown 
experimentally to be made up of a host of different kinds of amboceptors. 
Furthermore, by means of combining experiments, of experiments- 
with an artificially produced antiamboceptor, and by studies on the 
complementibility of amboceptors of different animal species it was 
shown that amboceptors directed against the same species of blood, 
which are obtained from different animal species, differ not only in 
their complementophile group but also in their cytophile group. 

Besredka, who only learned of this study after the completion of 
his own, regrets that “6tant donn<§ la complexity de plus cn plus 
grande de la question, de ne pas pouvoir suivre ici les auteurs dans 
leur argumentations.” It would be deplorable if the principle should 
gain ground that the results of other workers can simply be ignored 
on the plea that the verification of the experimental evidence is 
rather difficult owing to its complexity. Finally, the diversity of the 
amboceptors has already been established by the studies on isolysins. 1 
In this it was shown that even with twelve goats treated with goat 
blood, twelve different isolysins are to be distinguished, i.e., twelve 
amboceptor complexes against the same species of blood. 

This large number of amboceptors fitting one blood-cell corre¬ 
sponds to a like condition of the blood-cell’s receptors. These must 
be extraordinarily manifold, because, besides the receptors which 
anchor the amboceptors, there are present the most varied receptors 
for the numerous simple haemolysins and hemagglutinins. This view, 
enunciated in detail by Ehrlich, 2 has recently been confirmed by 
the experiments of Landsteiner and Sturli. 3 These authors showed 
that blood-cells which have been completely saturated with the 

1 Ehrlich and Morgenroth. (See page 88.) 

2 Ehrlich, Nothnagels Spec. Pathol, u. Therapie, Yol. VIII, 1901. 

8 Landsteiner and Sturli, Tiber die Haemagglutinine normaler Sera. Wiener 
kHn. Wochensch. 1902, No. 2. 
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agglutinin of one normal serum can still take up in succession the 
^gghitinin of a second, third, and even fifth serum in any order one 
chooses. Thus the agglutinin of horse serum was still bound by 
pigeon blood-cells which had been treated with goat and rabbit 
serum to such an extent that the cells were unable to abstract any 
more agglutinin from these sera. These results are only comprehen¬ 
sible if one assumes a large number of different receptors for the 
agglutinins of different sera, and it is therefore surprising to find that 
just these experiments which harmonize so well with Ehrlich's views 
should be given a different and complicated interpretation by Land- 
steiner and Sturli. 

Besredka's second premise likewise does not correspond to the 
facts. It is now three years since Ehrlich and Morgenroth (see page 
11) demonstrated the complex nature of normal hsemolysins in a 
number of cases; later they brought forward evidence in favor of the 
plurality of complements. In a final study on this subject Sachs has 
recently (see page 181) shown that in those cases in which other 
investigators did not succeed in demonstrating the complexity of 
normal hsemolysins only technical difficulties and experimental errors 
were to blame. 

After this brief analysis of the principles involved, we can pro¬ 
ceed to study Besredka's experiments and discuss his conclusions 
from the same. 

The case especially investigated by Besredka deals with the com¬ 
bination human blood-f amboceptor of a goat immunized with human 
blood and guinea-pig serum as complement. If inactive human serum 
is added to this combination, solution will be prevented, as we were 
able to verify. From this behavior of the human serum Besredka 
concluded that this must contain an antiamboceptor , giving the fol¬ 
lowing as his reasons. 

According to Besredka the serum of each particular animal species 
contains a single, simple “ cytase ” specific for this animal. This 
author has now sought to determine whether human serum as such 
contains an “anticytase” against the “cytase" in question; in other 
words, whether in this case the inactive human serum contains an 
anticytase against guinea-pig serum. The solution of this problem 
was extremely easy for Besredka. Guinea-pig serum, as we know, 
dissolves certain species of blood, and does so only by means of its 
“ cytase." This action is not inhibited by human serum. Hence 
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human serum contains no anticytase whatever, and when, as in the 
above combination, human blood + specific amboceptor-}-guinea-pig 
serum, this serum exerts a protective action, it follows by exclusion 
that this action is due to an antiamboceptor. 

The fundamental error in this method of proof lies, as already 
mentioned, in the assumption of a simple cytase, which cytase, more¬ 
over, is able by itself to effect haemolysis. As a matter of fact, how¬ 
ever, solution of the blood-cells by guinea-pig serum is brought 
about only by this, that the blood-cells combine with a normal am¬ 
boceptor present in the blood serum, and that this thereupon anchors 
the complement (cytase) which effects solution. If the complement 
in itself is conceived as a single substance, one could conclude from 
the fact that the human serum does not prevent'this normal haemoly¬ 
sis that the human serum contains neither an antibody against the 
normal amboceptor nor against “the complement.” In reality, 
however, “the complement” is made up of numerous partial com¬ 
plements, one or another of which is dominant for the completion 
of particular amboceptors, be these haemolytic or bacteriolytic. This- 
theory of dominant complements has been firmly established by 
Ehrlich and Marshall. 1 

It has already been proven for anticomplementary sera that such 
a serum neutralizes only part of the complements of a second serum, 
not all. Marshall and Morgenroth 2 have shown that the anticom¬ 
plement of a human ascitic fluid prevents the complementing action 
of guinea-pig serum for one haemolytic amboceptor leaving that of 
another intact. 

Now Besredka showed that human serum does not prevent the 
normal haemolytic action of a certain serum, although it acts anti- 
haemolytically when this is used as complement for an amboceptor 
produced by immunization. The only conclusion to be drawn from 
this is that the human serum contains no anticomplement which 
acts against the complement dominant in the case of the normal 
haemolysis. This, of course, does not prevent the same scrum from 
acting on 'Other partial complements which are dominant in other 
cases. We see, therefore, that Besredka’s entire method of proof 
lacks a firm basis. 

It is further to be remembered that such questions are to be de~ 


1 See page 226 et seq. 


2 See page 222. 
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cided not by pure speculation but by experimental means. The 
centrifugal method allows us to demonstrate antiamboceptor and 
anticomplement directly, as such, entirely independent of all theo¬ 
retical speculations. In the case here described, we have shown, 
that an anticomplement action is present almost exclusively, com¬ 
pared with which the slight antiamboceptor action is of no account. 1 

As a result of our own results we must maintain, first, that the 
major part of the anti action of the human serum described by Bes- 
redka is due to the anticomplement; second, that Besredka's ex¬ 
perimental method allows no conclusions whatever regarding an 
anti-immune body; and third, that the part played by the individual 
factors in this antihsemolytic action can only be decided by the 
method employed by us. 

After having, then, as a result of the experiments with human 
blood, erroneously ascribed the antih^molytic action to an antiam¬ 
boceptor, Besredka continues his study by investigating whether this 
supposed antiamboceptor is specific, i.e., only for human blood and 
serum dissolving human blood. In this sense he arrives at a posi¬ 
tive conclusion. His generalization is based on the following obser¬ 
vation: He finds that human serum does not protect sheep blood 
against the haemolytic serum of a goat immunized with sheep blood, 
the haemolytic serum being reactivated with guinea-pig serum. We 
have made the same observation and studied just this behavior by 
means of a human ascitic fluid. The case in question, however, 
constitutes a special exception, due to a partial anti complement, 
and it is, therefore, peculiarly unsuited as the basis for a generaliza¬ 
tion. Our experiments show that on investigating other cases, 
human serum is found to exert a considerable protection against 
normal hsemolysins and those produced by immunization which dis¬ 
solve other species of blood—ox blood in our case. Here also, how¬ 
ever, this protection is due to anticomplements and not to anti¬ 
amboceptors, at least so far as can be determined by an exact analysis. 

1 The destruction and weakening of the antihaemolysin which Besredka 
shows occurs with longer heating to 65-67° C. is, of course, in no way char¬ 
acteristic for the nature and mode of action of the antibody. We showed 
that this temperature injures both antiamboceptor and anticomplement. Be¬ 
sides, the behavior toward narrowly limited thermal influences does not possess 
the significance of a group reaction. This is well shown by the occurrence of 
a thermostable complement (Ehrlich and Morgenroth, page 11) and ther- 
molabile amboceptors (Sachs, see page 181). 
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Finally, the fact that at times a small part of the antihmm* * 1 
.action (as in our experiments with a human exudate and ox 
is due to an antiamboceptor, removes the basis for Besredka h #"* 
eralization that a normally present antiamboceptor always I j r**«r* 
only its own blood-cells. 

From all this it follows that the part believed to be play<*d i *} * 
antiamboceptors of human and animal body fluids in the* prr% 
of haemolysis is materially decreasing in favor of the part takni 1 
the anticomplement. There is no doubt at all that antJaml 4!s * 
exist in normal serum; this was first proven some time a&< * hy U 
lich and Morgenroth, 1 and also by P. Muller. 2 * These ant km if 
tors do not, however, occur regularly, as was also pointed on* 
that time. 

Our analysis therefore shows that since the fundaments! f.s 
•does not apply, the extensive theoretical conclusions drawn I e* 
redka from the exclusive protection of the homologous blomI»er!i * I 
the serum cannot be recognized. That the amboceptors pm-enf < 
.actually primarily protect the blood-cells of the corresponding n •* * i 
is probable in itself, for according to our view, as mentioned iTorm T* t< 
they represent free cell receptors. Besredka assumes that f lie 
for the development of his supposed antiamboceptors in thB: 
blood-cells, which are constantly dying in the organism, d 

production of haemolysins. These would endanger life if the f 
ism did not paralyze their action through the development *4 am 
amboceptors. Such a regulating contrivance can surely not Im- \ *-i 
common, since it was not observed by Ehrlich and Mor^eitmfti m f'm- 
numerous experiments on isolysins, in which it would itif#n 
have been discovered. But if such a contrivance were u 
it would have to be constant. This, however, is not at all flit- > ; M 
as we have already established. 4 

The simplest and most natural assumption is that the uutuzmU 
ceptors are nothing else than products of cell disintegration. In 
receptors which are capable of binding amboceptors and »** 
deflecting influence. The assumption that these free reeej#N#f m 
products of retrogressive metabolism is borne out by the* fun 

1 See page 88 et seq. 

2 P. Muller, Centralblatt f. Bakt., Vol. 29, 1901. 

8 Morgenroth. (See page 241 et seq.) 

4 See pages 23 and 71 et seq. 
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fished by Schattenfroh 1 that they are excreted through the urine 
in considerable amounts. 

One reason above all has led us to believe that Besredka's views 
required to be controverted in detail, namely, the fact that they 
maintain the Unitarian conception that only one hemolysin is pos¬ 
sible against a given species of blood and one bacteriolysin against 
a given species of bacterium. This conception can seriously retard 
the development of the doctrine of immunity and especially of the 
practical application of this doctrine. 

The recent investigations which have demonstrated the exceeding 
multiplicity of the cell's receptors and of the amboceptors obtained 
by immunizing with these receptors show that this study can be 
successfully pursued along two directions. One of these consists in 
the production of polyvalent sera by immunizing with numerous 
strains of the same bacterial species. It may be assumed that the 
varieties of a bacterial species contain the various receptors in very 
varying proportions, and this is confirmed especially by Durham's 
experiments concerning the agglutinatibilitv of different strains of 
coli by specific sera. A sufficient increase of all the amboceptor 
types in question is therefore possible only after a high degree of 
immunization has been effected against a large number of related 
strains. This procedure had previously been chosen by Denys and 
van de Velde in the production of their polyvalent streptococcus 
serum, and has recently been employed by Wassermann and Oster- 
tag 2 for the preparation of an effective serum against hog cholera. 
These procedures are based entirely on the experiments of Ehrlich 
and Morgenroth, just mentioned. 

The other method of obtaining effective bactericidal sera is based 
on the assumption that the amboceptors, according as they are de¬ 
rived from different animal species, differ from one another. So far 
as this point is concerned, we may refer to the statements of Ehrlich 
and Morgenroth, 3 which are summed up in the sentence, “it would 
therefore be advisable not to attempt the production of bactericidal 
sera from a single animal species as is now customary, but to make 


1 Schattenfroh, Miinch. med. Wochensch. 1901, No. 31. 

2 Wassermann and Ostertag, Monatsch. f. prakt. Thierheilk, Vol. 13, foot¬ 
notes. 

8 See page 110. 
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a preparation containing a mixture of immune sera drrh ««I from 
animals whose receptor apparatus are as divergent m po • ?b!e 
Practical results along these lines have already be»n 
by Schreiber , 1 who made a hog-cholera serum from h»*r* aid n\»'j<, 
and recently Homer , 2 by paying attention to jmi ths | omf Li ■ 
obtained an effective pneumococcus serum by utili/mg *?a! dun r 
ent species of animals. In view of them attempt., to spi L the 
above principles practically, it would be regrettable if the nnf* nabi*- 
Unitarian view maintained by Hesredka were f«* binder she itufmr 
development of these methods. 


1 Schreiber, lierlin thientretl. Woelieni'-rlir, %u f pi, 

3 ltdmer, v. Graefo’s Archiv L Ofditk*iindf*gk% \ «I, M* \WX 
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In view of the exceeding important* of tin* pm-iUm if veiled 
advisable to proceed from the** new* faeis and attempt to « im-frau- 
more deeply into the* mechanism of flu* Miake \niouiN n*-i mi*. ^ *' 
had at our disposal two specimens of dried cobra poiw#n fh«* h;cin*‘h f j*‘ 
strength of whi('h had proved to he ulna»*t idealieal and f*»r w he h 
we are indebted to I)r. Utmb and Prof, t alniett«\ 

A one per cent solution of thi* dried nilirsi pioMm m u>5 "•*!*, 

solution served as our standard poison. Tin* * »*!uf?o?i wi.Hi l* H 
on ice was preserved unchanged for several d:i\,% 

The experiments were made with f lit * follow in?/ a mu a I i c« v -: 
man, ox, horse, goat, sheep, dog, rabbit and guinea p,g * ei/od 
by Flexner and Xogucdti74 observation, went hr-! u * d onb* hh^4 • 
cells which had been freed from serum. Thr, wm accompli Ud 
by making a 2\ r / ( suspension of the <elb in OxV, ^di 
centrifuging, decanting the fluid, and then adding aie a *b» mo** 
amount of salt solution. This was always dime Iwr** and *b«m it 
5% suspension was made*. 

All the tubes of a given series contained 1 re, nf n .V f blood 
suspension and they were all made up to the mum* volume vj to 
2.5 ce.) 1 iy the addition of salt solution. Tin* t»j#rr aifime* au»' kept 
in the incubator at ‘17° (\ for two hours, and then ffiarift «m i* i e ut 
0° to <S° C. until the following morning. 

According to our experieia*e there are two kind* of rrjf«t 

so far as their behavior toward cobra venom m 

(1) Thom* that in themselves are dirndl cd l*v tie* rohrn vi-noin 

(2) Thom* that are affected by the cobra tenon* only after the 

addition of other sit!winners (complement*, etc v 

Tlie following table will show tin* behavior of washed red bhiud-* 
cells of various species toward cobra venom; 


TABLh I. 


Amount 
of Cobra 
V«nom, 
cc. 

I ,0 

0. t 

o. on 

0 025 

0,01 
0,005 
0,0025 
0,001 
0.0005 
0.0001 



Ouimta 

j*i«. 


complete 

rottiplfct* 


ft ft 

* ft 

* ft 

littto 

Mmtm 

inns® 

tra## 

0 

Cl 


I rr, |4|»««*| S*#*j **»».* 

Man, 14414 1 * \ li 


r«wi|»Irfr 


r»wi|4r1r . 


!»«!» 


• t*Mt k%m 
4 fm*m 

*1 


jiilftiwtf f*rim*4»*f* 

flWMlpfltl# i 

tr»m 

0 




t «,?« 
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From this, two groups of blood-cells can at once be recognized,, 
namely, blood-cells like those of guinea-pig, dog, rabbit, man, and 
horse, which are dissolved by the cobra venom, and blood-cells which 
are not affected under these circumstances even with large amounts 
of the poison. The sensitive blood-cells do not all possess the same 
vulnerability, but manifest considerable variations, depending on 
the species to which they belong. This is the case with all haemolytic 
.poisons. Naturally besides this there are certain individual fluctua¬ 
tions in vulnerability. The blood-cells of the dog and the guinea- 
pig are the most sensitive since as a rule 0.25 cc. of a 1:10,000 dilu¬ 
tion of the poison still produces complete solution. The blood-cells 
of the horse proved least sensitive, for here it required 1.0 cc. of a 
1:1000 dilution of the poison to produce solution. The difference 
in vulnerability is therefore one of forty times. 

In view of Flexner and Noguchi’s experiments by which the 
amboceptor character of the haemolytic portion of snake venoms 
was demonstrated, it seemed advisable to undertake activating 
experiments in those cases in which the cobra venom did not effect 
spontaneous solution. 

It was actually very easy to produce solution by the addition of 
foreign sera. We shall shortly show that when the observations of 
Calmette 1 are taken into account these activities are not all due to 
complements. According to our conception only such substances are 
complements which in general are inactivated at a temperature 
between 52° and 60°, in some cases even somewhat higher. This 
corresponds to the greater or less degree of lability of the complements 
thus far known. 

In our experiments such pure complementings were met with 
in the following combinations: 

Horse blood...ox serum 

Ox blood.guinea-pig serum 

Sheep blood. ..guinea-pig serum 

Rabbit blood.guinea-pig serum 

Table II shows such an activation of the cobra venom. It also 
shows that the serum employed lost its complementing property 
by half an hour’s heating to 56°. 

1 A. Calmette, Bur Faction h&nolytique du venin de cobra. Comptes rend, 
de FAcad&nie des Sciences, T. 134, No. 24, 1902. 
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TABLE II, 

1 % r ?» r I Hhmp tf4'4 * 


Amount of the 
Ciuimm jug Ho rum 

{*) Added. 

re. 

a 

(*«i»iwi pits Hro ««* 

irfily. 

’ «f fj it 14 » ♦-» e . 

t f 

j V < TfiU’V 

' ^ 0 f» . f 

ii 

ia ^ p%« ! 

1 * ’ 1 

0.5 

little 

riilfiplrfr 

11 

0.25 

t rnei* 

1 fst e*eg 

11 

0.1 

0 

1 IitiF 

ii 

0.05 

0 

I fiire 

11 

0.025 

(1 

fulfil Iflirp 

11 

0.01 

«) 

11 

! O 


From these experiments if *nu be /«<*»n that in '4 <• 
the cobra venom hits fIn* flijirarfi-r of an a*nb*<<«po* wd ’ n.*a 4 * 
amboceptors lire u< tivitt^oI by return * omph tu nv * 

the ordinary decree of thermohbdiH 

We have thought it nerrswifN to del# ruane the it od«* of a V o 
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cells toward the trolitfed cobra venom and ton uni * ^-04 V r^o* 
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after which the blood cells and fluid are separated by centrifuge, it 
will be found that the blood-cells have taken up a certain portion 
of the amboceptors, but none of the complement. These experiments 
would seem to prove the amboceptor character of the cobra poison, 
at least for the above cases, entirely according to the ideas of Flexner 
and Noguchi. 


II. Concerning Endocomplements . 1 

We shall now analyze the phenomena which we observe with 
those blood-cells which, like guinea-pig blood-cells, are directly dis¬ 
solved by cobra poison. This solution could be explained by assuming 
that cobra poison, besides the amboceptors, contains true toxins 
which are analogous to the diphtheria toxin and exert a toxic action, 
i.e., effect haemolysis, without the intervention of a complement. 
In that case, however, one would be compelled to assume further 
that only part of the species of blood-cells react to this poison. The 
incorrectness of this conception is readily demonstrated. 

The observation was made by earlier investigators (Stephens and 
Myers 2 ) that red blood-cells which are soluble in weak solutions of 
poison may be insoluble in stronger solutions; and the same observa¬ 
tion was made by us on rabbit blood. This phenomenon is entirely 
irreconcilable with the assumption of a preformed poison, for, ceteris 
\paribus , the action of this should increase with the dose. This inhibi¬ 
tion in consequence of large doses of poison cannot be harmonized 
with the toxin theory 

On the contrary it indicates that we are here dealing with a phe¬ 
nomenon whose significance was first pointed out by M. Neisser and 
Wechsberg, 2 which consists in this, that the bactericidal action of an 
immune serum, provided the amount of complement remains the 
same, is inhibited by an excess of amboceptor. 

If we assume that the red blood-cells in themselves possess a 
complement fitting the amboceptor of the cobra poison, an “endo- 
complement,” we see at once that small amounts of amboceptor effect 
solution, while with large doses no solution occurs owing to diversion of 
the complement by the amboceptors. This diversion is due to the mass 
action of the amboceptors present in the fluid. This view is easily 
supported experimentally. If blood-cells are treated with a solution 

1 See also page 443. 

2 Journal of Pathology and Bacteriology, Vol. V, 1898. 

8 Munch, med. Wochenschr. 1901, No. 18. See also page 120. 
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of very strong snake poison, they will not be dissolved. The mixture 
is now centrifuged and the sediment washed with salt solution. No 
solution takes place; as soon as fitting complement is added , however , 
solution ensues very promptly. This shows that by the treatment with 
the poison the complement contained in the red blood-cells has been 
abstracted. The following diagram will make this clear. 



I. Blood-cell with receptor r and endocomplement e. 

' II. Blood-cell after treatment with a large amount of cobra poison. The 
cobra amboceptor c has been anchored by the blood-cell receptor. The 
endocomplement has been abstracted from the cells by the large excess of 
free amboceptor. 

III. Blood-cell of stage II after the addition of complement or endocomplement e. 
The added endocomplement has combined with the cobra amboceptor c 
and can now effect solution. 

The following experiment may serve as an illustration. (See 
Table III.) 


TABLE III. 


9 

1 cc. 5% Rabbit Blood + 1 cc. 5% Cobra Poison, 
Kept at 37° for Two Hours, Centrifuged and 
Washed. Sediments + 

Controls Native 
Rabbit Blood 
+ 

0.15 cc. Guinea- 
pig Serum or 

0.5 cc. Guinea- 
pig Endocomple¬ 
ment. 

a 

0.85% 

NaCl Solution. 

i 

b 

0.15 cc. Guinea- 
pig Serum. 

c 

0.5 cc. Guinea- 
pig Endocom¬ 
plement (i). 

Solution effected 

0 

complete 

complete 

0 


The correctness of this view can readily be shown in another 
way If the blood-cells actually do contain an endocomplement, it 
must be possible to demonstrate this by dissolving the blood-cells in 
water and finding that these dissolved cells are capable of acting as 
complement to cobra poison for such blood-cells as are incapable of 
being dissolved by cobra poison alone. 
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As a matter of fact we have succeeded in a large number of cases, 
in causing the solution of such cells by the addition 0} laky solutions, 
of endocomplement . 1 2 The amount of endocomplement contained in 
blood-cells varies; that of human and guinea-pig blood appears, 
to be the highest and also fairly constant. 

The following table shows the combinations in which, according 
to our experiments, cobra poison causes solution (+) of blood-cells, 
which are not dissolved by cobra poison alone (see Table IV). 


TABLE IV. 


Endocomplement of 

Species of Blood. 

Ox. 

Goa 

Sheep. 

Rabbit. 

+ 

+ 

+ 

Man. 

-f 

+ 

+ 

Dog. 

-f 

+ 

+ 

Guinea-pig. 

+ 

+ 

4_ 

Goat. 

_ 2 

— 

— 

Ox. 

-f 

— 

— 

Sheep. 

_ 2 

“ 

“ 


It is in place here to mention another fact. The deflection of the 
endocomplement by large quantities of poison described in the case 
of blood-cells vulnerable to cobra poison succeeds equally well if 
the experiment is made with blood-cells insensitive to cobra poison 
alone (ox blood) and if dissolved endocomplements (guinea-pig) are 
used for activation. There is no doubt therefore that the blood-cells, 
themselves contain complement-like substances, endocomplements. 

So far as the behavior of these endocomplements toward thermic 
influences is concerned, they are seen to be somewhat more resistant, 
in general than are the complements contained in the serum, for it 
requires half an hour's heating to 62° C. to inactivate them (see Table 
V). In the light of our present knowledge, however, we probably 
cannot deny the complement character of these substances merely 

1 As a rule these endocomplement solutions were prepared by twice washing 
and centrifuging a certain quantity of full blood, and then filling the sediment 
up to a certain volume. Either the original volume or a greater or less dilu¬ 
tion was made up depending on circumstances. They were then salted to> 
contain 0.85% NaCl. We have designated these dilutions as §, etc., endo¬ 
complement. 

2 Even in these cases we noticed an activation with certain specimens of 
blood. 










vuiAMrui sn mi> is imm» mi i 



2!K 

bmiitHr of fill- flu ffuo. 4 iliili ’% * i jsmjMM ,o«. ' * M < - * 

Kiirlich mid Morttrnrotli 1 ba\ < 4*'»?'i‘*4 o i •*« ' ! f * • 

in gnat Hrrtitti mltirh ma nmr|» mojr # M?ojm f y \ * i i * 1 > 

Hoiiii* mtfmblbbr*! i tu 4 t< .< b\ Moya o* 1 / # ‘tn,' 1 ■ v 1 

norm fofjikojKir? in tin* barfrnob m *4 nobm* Mv,* , 1 , t > u>v< 
Hit* nrfivt* jrrmip of roai'tihh ami m f joM 1 *' '” * * * f ' > 

Khrlirh, in ait ili^ioii« in tin /% m*»to. u' /? *u 4 *‘4 i i "'* ' 

ntorr tiirriunatabliv’ loi inn* f n Mann t.M* |*‘*»« oi» J <* > < * t w i t > 
7.7* <\ 

From all tI iin il ff»U*^ |li;it w*< mo t i f O»if« • ** o ^ s -* f 

art* HriiMtiw* to I lit* nbmr j*?n mi, hi !w oj j *■» i i v * - 7f , ''.*/» * • 

umi ram pit hu nth 1 liroiiifli fla ( au % \ * f a v*m n, 4* ar j * I va 

mldrri, tin tiioHijiluMua rntim io?o fi-;,! .Mm m >* n j 4 . - * * • 0 
fin* roniplriiirnf m ltirl* m jj* at \ it, n»4*o mw #! « o o i t * i 

Wt* hltituM Ilk** f*» a44 a f* w % apho a mm uomO » n > 4 * t m 

mwitit, titwl knit Iwinti ii i?h tbr * an* jU *u «f < o .;</« *v< a* * v ■'«' - m 
ptrmmtn* l Hit 4 rnfii*l, for rwitalm m on * o a ♦ s i i > » ) f « 

uif*iitH tin* rlons #*1 ttof from #«4J * 1 '* o ^ * '• ^ m j , 

utill tifltioroiif to tfit'o, llooi^*o o*' M M *,« H o ^ 5 -» */<,, n H ? ^ , ! 

htg a mi Vrnf nlnfmi* rotn| l**o h Ii#i 4 fl* tio 1 j 4 M, It 

lioriiiit, (ititntn ptrt !>lo»i«l«s!l o Ml a. i 1 o* ! « ^ >* 

yot toiot afs# t flu! fFr 4a »4 M««M« 1,1 a 1 00 

r«ittijil«*ittt:*tif art jmii llrr* * whph - j ! 4 t M 0*4 , # ^ a .* 

tint* to a 4 hf ro?4 oroiii \o*|}i« \ tlio.a ^ f j * ,M t h 

flu* furl, lam i4ti*I ftiHi oF *0 1 1» i la ^ ^;* M n ^ 

imliniffti) flrtf ilia la t 4 » ? 4 id;U‘* f t ^ «o 4 ^ 1 ^ ‘ 4 ^ ^ 

than tl»** lift f If wrMiiift o «4 ,iM m# 1 ,' ^ f' » , « , #0 

tin* fir^t ' I100M ri^$f',4* $ <*.** *ii# «, 4 o«? 

11 muttor of fa< f jti*i fh*' am r % h>* fma 4 */( / f? ^ i ti , ( < i 

ititiirufi*^ t f nt f no 410 4 * alrnf h iih n\ « 0* | v* j , ^ 

In oito »'i4‘ mo rtiii >o<^v * 4 r 4 a? * 000 h o i„m» 14 mo 
rtltfiJilfOlW'lii hv Itr alv of mil t y r- ^ -» 

(*V g in 0 >.V r wilt MiSnfinm *4 1 Jay? m .M{ , * 4 

by rubra J*oj <on Tbo 4'i ? l ^|4 4; 4 ** It »>if/o ! a 

Hmify four hoyr^ aini ih**n ^nnA^^*4 #M^o* j our F» 4,4 »/ m 

tin* nifiifiit n<* fl btmairMb sab 4 t <a fmb iwb ^ wo vo iwi 

1 Hr** fia^M II rf v4 w 

lliiil, Atrhh far Hyt«^, IMI ^U | 4 !^#/ 4 \ w * f m %hd \nU 4 

&«lt«i 4 ir f Ifyffirft#* # Vob VXXIV,, Ifwf, 


i 














THE MODE OF ACTIOS OF COBRA VENOM. 


TABLE V. 


U 


299 " v -. 

B R A R y 


In all Cases 0.02 cc. 1% Cobra Poison. 


Amount 
of the 
Endocom- 
plement 
(1/20). 
cc. 

1 cc. 5% Ox Blood + Guinea-pig Blood Endocomplement (1/20). 

a 

Normal. 

b 

Heated to 62° for £ Hour. 

1.0 

complete 
< ( 

0 

0.75 

0 

0,5 

(£ 

0 

0.25 

trace 

0 

0.1 

0 

0 


B. 



1 cc. 5% Goat Blood 4- Guinea-pig Blood Endocomplement (1/10). 

Endocom- 


1 Heated Half an Hour to 

plement 





(1/10). 






a 

b 

c 

d 

cc. 

Normal. 

56° C. 

60° C. 

02° C. 

1.0 

complete 

strong 

trace 

0 
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0 

0.5 
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0 

0 

0.25 
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l c 

0 

0 

0.1 

0 

0 

0 

0 


longer dissolved by the cobra poison, or were only very slightly 
dissolved. If our view was correct, the endocomplements would now 
be found in the decanted fluid. This proved to be the case, for the 
addition of suitable amounts of this fluid sufficed to cause solution 
• of the blood-cells which Were insoluble in cobra poison alone. We 
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were unable to obtain a like result in two similar cases. Evidently 
slight variations in the experiment and possibly also minute changes, 
and impurities leading perhaps to certain ion actions, play a role which 
it is difficult to control. We were not interested enough to follow 
up these relations; but we believe that had we done so we could have 
made the conditions more favorable for washing out the endocomple¬ 
ments. We merely mention this because Flexner and Noguchi state 
that in their experiments after repeated washings of the blood-cells 
all of these were found insoluble in cobra poison alone. 

These authors did most of their work with snake poisons differ¬ 
ent from ours (Crotalus adamantcus,* Ancistrodon contortrix, etc.). 
How far this fact is responsible for the divergence cannot here be 
decided, nor whether the escape of the endocomplements was favored 
by other conditions in the experiments. 1 

That the endocomplements cannot be derived from the serum 
is also shown by the observation frequently made by us that the serum 
of several species of blood, whose blood-cells exhibit a plentiful supply 
of endocomplement, does not possess the slightest activating power, 
but that, on the contrary (as in the case of rabbit serum), it sometimes, 
hinders haemolysis of the homologous blood-cells by snake poison. 

So far as the condition is concerned in which the endocomple¬ 
ments exist, we must assume, in those cases in which the blood- 
cells are directly soluble, that the endocomplement is contained 
free in the blood-cells. In those blood-cells, which are primarily 
insoluble, it will either be absent or be present in a latent form. 
We believe the endo complements are absent in the goat, for in no- 
case were the dissolved goat blood-cells able to activate cobra venom 
for goat blood. On the other hand, ox blood is sensitized for cobra 
venom by dissolved ox blood-cells, so that we shall have to assume 
that ox blood does not contain endocomplements in available form 
and that these endocomplements are changed into an active form 
when the cells are dissolved. 

We shall reserve for subsequent study the question as to whether 
the endo complements are of simple constitution or complex. 

Attention is called to the fact that the existence of endocom¬ 
plements furnishes another objection to Bordet’s view that the 


1 We shall merely say that Daboia poison, which through Lamb's pretty 
experiments has been shown to differ from cobra poison, does not dissolve rabbit 
blood. 
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In what way now are we to pin tire flu* $mm% *4 tln« Inrithw* 
We know that leeithin w aide to mini due with album item* ).«*}**•*, 
auburn (Ifenrirpna and IliiiMit eie. A threefold <pie.*tjor» had u» \*< 
derides!, Find, whether robrn venom tirufr# with Imthm i*<Mr tV 
fashion of an umlmeeptor; seem id, whether f**rha|*< the *t?jik«* venom 
had made the blond-erll* sensitive f« leejthm; or third, wlwfVr 
tlie reverse holds true, 

A preliminary test mm made In ser whether arid snake 

poison enmbine %vstfi nne another, The method mi $tmk$ug i-hm 

itxjteriiiirttt m relatively simple. l^f-KIiin run wily f*r 4m%mu «nt 

of its soltifimi in suit water l#y mmtm of ellier As iV Mbmmg. 

experiiiietit will show, leeitliin imhw* into theHlwr iiiiienl rnhmmlmmv,, 
Inti not completely, This liehftvjor mm^rnmh to n p n*<n%l plir* 
nmnonrm which iff tlie njmmhn of the “Uti de |«rtivit«* ** tf, how- 

ever, to the wine amount of leeithin » «pu*nfity t»f pfiale 

venom is added, it h found flail lint very lit.tle pt*** into the pibrr 
on slinking the ether with tlie mixture, Two j*.#r!t»rw iwli of ill rr 

were llitis shaken out with ether: A. rmmmmg 2 rr td a „r Uun 
leeithin solution: ll f eoiitmining k^wfw flu* 1 e mf u l\ w4mh 4 * 
of eohrn venom* Previous ti> thin ftctift aoltittmi* mm* it Jfp 

for half tin hour. The ethereal ext met wan and th* 

residue taken up in 10 re, omi mlt rnimrnm IV m m 
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Now if the? cobm voiiom tb> ,< * * 

leSH lecithin would he teqmred f**r mtnWJ »h> V,-t> -'n '<* ”■ 

were added. Ah a matter of fact lb" i. .h >• «* ' h ' \ 

UHW 1 a large cxcchh <»f pobon, !r •• ’me ■ .v nee h !< - but. ■■■•*’ ?« 
quirt'd for complete holuiion a,« when «i»:i 3 S> r > 1 ** < '.i t* > " u 

i« readily explained In' a,-,.011010? that a tug" »•>.»< .< >-i ' ' • ! "t 

ciuiHeH a deflection of the lecithin, a phtnone'imt, 'UH *.< 3.. < 

already met with in the cndoromplenii M 

The phenomena olwervid In ux :d «» / *f'e h> •'■vj *‘ 1!( ,n "'* h 
the inhibitinfc action exerted hv »er« *m •>.* \ ; v « 1 ' "' • * 

lecithin in able to combine with idbnmnc'*" bo i < , «' 11 

thin union in ho firm that it i,* tmt «lwup«' *1 b» »■* »'! -4 <t„. 

cobra amboceptor, it will be imp*.-mb for fh- u, **■»«• iCo 

action. Hi in i* the «•«*•', for evuiiph v,i*b ■ .»»■« bob >4,*, 
fnmh doi'H not exert a trm-e of net suit ,on «>n hP-d ,e I • < t 

the ox Herum contains sufficient lecithin > >» ** *'■*” a.ing 

ita aleoholie ext met. 

Ox Herum in even able to prevent ha-wol*.«e. >a, *!<• icM.vo, >4 
free leeithin, the moon eveWh 5 ' ***».«»..*- .*?,• 

of inhibiting mthstanee^, •»» h< ating »h* »!.«■ 

lone their action to a greater or !*-v- < «i that t1» - t in. ,. a’.], 

when mixed with cobra vetioin to effect »'■ V 

mentioned, however, the ha-molvUe m bon d ,,*<»• A- 1 A ’ 

Htronger when the ncra are heated to full t a ,<»• ►. <>f ->’4 *.•>*'• * 

I’erhiqw thin in flue to »ub“tane»’« |*»v.*■ <■ “«i<g ihib-ti of «i* «o 

thermolability. 

In other caaeti ouly a verv light »btT<r<n><• to <«' *■ 
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between the activating power of fresh and of heated scrum. Id 
this case evidently the fresh serum already contains free, i.c. active, 
lecithin, and the inhibiting substance is affected but to a nlight 
degree by the heating. In view of all this it is certainly incorrect, 
to speak, as Calmette 1 does, of a definite thermo labile antibody 
which is destroyed at 56° C. 

It is natural to attempt a quantitative estimation of the eohm 
amboceptor by means of the binding of lecithin; also to think of 
the possibility of isolating the cobra amboceptors as lecithidn. 
periments in this direction are now under way. 

The results of the experiments here given furnish a further in¬ 
sight into the nature and mode of action of the amboceptorn. The 
demonstration of endocomplements, as well as the significant fact that 
a definite chemical and crystalline substance, lecithin, can in a eertutti 
sense play the rdle of complement, would appear to be especially im¬ 
portant for the development of our knowledge concerning poisons. 

1 One might assume that the haemolysis by cobra venom alone, ttHeribod in 
■§ II to the action of the endocomplements, was caused by the lecithin contained 
in the red blood-cells. This assumption, however, is at once excluded by the 
fact that the endocomplement solutions are inactivated by heating to 
showing that their action has nothing to do with that of the lecithin. 




XXVIII. FURTHER KTl’DIKS ON THU UYSUNTUUY 

lunuurs.' 

By I>r, K. JStiw.%, 

Wiikn 1 discovered the dysentery bacillus in 1SU7 I humd that 
although thin organism apparently remains lorn lift*! m ilir jfiirsinte 
and does not pass into the eirrulntion, it itevefihrfowi tm* n* 

the development of sjieeifie untifoidu** in tin* serum 1tu» fmi, 
made use of after the manner of the ftnilier* Widal reaction. furmf'fod 
me with an imjiortitnt aid in flu* diagnosis of tin* dy*enU'f> h-mMm-- 

In the course of the following years tin 4 fart# which I 
in connection with epidemic dysentery Inin* fieen r«fifitf»ir*i m %mwmn. 
partn <if the world, 2 <*sj>eeially since tint** fuierwled m$ mrjl %%% fo%% 
studies on thin disown* in (tomuiriy, Too by there » m l«nifrf fifty 
doubt concerning the Identity of flu* harillu* iwdaird By hnm^ 
with intni% even f hfnigh thorn m Hfill a slight ditcrgeftn* t 
certain morphological dotnib* All of tin* ifiip#fft#nf 
istics of the bar ill i discovered by Mo. m well m llinr §tfiitif»tijit 
tion by serum of the patients, have lieon confirmed f»y fipiise 11 m- 
certain alight differences in growth may occur $# not »f ail «irtmfimmrt 
in other bacteria, even in cholera, Tin* question m ft* flu* priwnce 
of motility is i»|«:*rially hard In answer, At font I Mat**! that my 
bacilli were motile; Kruse found them immotile. If m trII 
that it iff not always easy to deride whether ii bmtllm h mmb mf 
not, and Kruse himself say* concerning motility m a etiataeiemite 
of the eoli group (Fliigge, Vol lb page ,101 j tfmt "one $mM fo *ety 
careful in deriding this point, for the rnwetnenis often but but a short, 
time and are not. present under all mmUtmm of life (nutrient ftnvltnm* 

1 Reprint from f lie f» fffg, xmA V«| ft, twi| # 

* Compare also the study pulrfidtrd *f»tn# thU, amt it Inf 
fitardb Ruhr,” Btrlia, IMS. 
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temperature, etc.).” In this connection I would call to mind the 
Tbacillus of erysipelas of swine, whose immotility is still questioned 
t>y many observers. I have always described the motility of my 
cultures as feeble, though I found it strange that I was unable at 
first to demonstrate flagella by staining methods. Later on, how¬ 
ever, I succeeded in finding two terminal flagella in one preparation, 
^nd thought that this question might now be regarded as closed. 
To what extent this was an error I should not yet like to say, and 
for the present I should also not like to regard the observations of 
"Vedder and Duval, 1 who found peritrichal flagella, as a confirma¬ 
tion of my findings. 

In 1898 I immunized horses with dysentery bacilli and obtained 
a, high-grade serum with which in 1898-1900 almost three hundred 
people have been treated. It therefore seemed advisable to study 
this dysentery serum from the standpoint of the modern theory 
of immunity. At the same time I was anxious by means of serum 
diagnosis to again prove the identity of Kruse’s bacillus with mine. 

The cultures employed were the following: One of my original 
cultures, one from Prof. Flexner, one culture of the Kruse bacillus- 
from the Frankfurt Institute, and a Kruse bacillus from Dr. Conradi, 
-Berlin. I may at once say that in all the various bactericidal experi¬ 
ments these cultures behaved exactly alike, and I shall therefore in 
"the following speak of the dysentery bacillus as such. When I come 
■to speak of the agglutination I shall make mention of certain variations 
of Flexner’s bacillusJrom mine and Kruse’s. 

To begin, the bactericidal action of normal active sera was tested 
on the dysentery bacillus. The method employed corresponded 
exactly to that described by M. Neisser and Wechsberg, to whose 
paper I shall therefore refer. 2 3 

The amount of culture planted was always 1/500 mg. of a one- 
day agar culture, and in the dilution employed this was contained 
in 1.0 cc. salt solution. The total amount in each tube was always 
2.0 cc., to which quantity three drops of bouillon were then added. 
The serum was allowed to act for three hours at 37° C., after which 
■time six drops were made into agar plates. In judging the plates we 
did not make use of accurate counting, but always employed the 


1 The Etiology of Acute Dysentery in the United States. Journal of Experi¬ 

mental Medicine, 1902, Vol. VI., No. 2. 

3 See pages 120 et seq. 
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method of Neisser and Wechsberg, namely, approximate estimation, 
because only large results were regarded as conclusive. Frequently 
after the six drops had been taken from the tube, the residue was 
again placed into the incubator. In this way one often obtains 
valuable confirmation of the agar plates by noting whether or not 
there is a growth in the tubes. 

The strongest bactericidal power is possessed by goat and sheep 
sera, but this is but slight in comparison to their action on many 
other species of bacteria. 0.3 cc. of these sera almost completely 
killed the bacteria under the conditions mentioned. Other sera are 
weaker, such as ox, horse, human, dog, guinea-pig, and rabbit serum. 
A reactivation of normal inactive sera succeeded only in the follow¬ 
ing combination: normal inactive goat serum could be completely 
reactivated by normal active horse serum in an amount which by 
itself did not kill the bacteria. These experiments showed that only 
a few sera could be used for reactivation (e.g. horse serum) apparently 
because the other sera did not contain any considerable excess of 
free dominant complement, or contained none at all. This was 
entirely confirmed by the complementing experiments which were 
made with a high-grade immune serum. The immune serum used 
was obtained from a horse which I myself had begun to immunize 
and which had been further immunized in the meantime. The serum 
was sent to me from Japan with the addition of 0.5% carbolic. In 
the small amounts in which the serum was used, this addition in no 
way disturbed the bactericidal experiments, as w#s shown by control 
tests. The first experiments undertaken with the completion by 
means of active horse serum resulted negatively in so far as any 
destructive action was concerned. This was soon found to be due 
to the phenomenon of complement deflection described by Neisser 
and Wechsberg; for when smaller and still smaller doses of the immune 
serum were employed the destructive action became more and more 
marked. Table I, in which column A gives the result of the plate 
tests, and B that of the test-tube experiment made at the same time, 
shows the destructive action as well as the phenomenon of comple¬ 
ment deflection. 

From this it is seen that even 0.0025 and 0.0005 cc. still have a 
distinct bactericidal action. This result was obtained a great many 
times, with various strains, In almost the same manner. 

Besides the horse serum only one other serum could be used 
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I believe this demonstrates that the hone mmmm* .» '*nm § in- 
ployed by me for thenqnmtie purjjoses, meets thr rcquir* in* nv whwh 
are nowadays to be demanded of a bfirfrmdnl tinmuie ■,< mm f 
namely, (1) that it be high grade, and (2| that it find u M’' v 1 "in* 
plement in normal human serum, 1 his is tin* ht:d ^vtntn * 
in human therapy which fulfils the condition^ laid down ty Jo>?h. h 
in hisCrooninn lecture, MKX). The iwceUciil rurafn * t< • nit" * 5a.;«,n- 4 
by me in Japan 1 furnish abundant confirmation of ?} r t o.i »J 
Ehrlich's views. 

Ah already mentioned, the phenomen*»n of d* fh-* fern *4 - 

merit could be demonstrated very prettily with fb<< , a3 < *4 

this active horse serum. Since this deflect i »m 14 puncoib 4 * 
on the amount of immune l*ody present if iimv j* rb,»p" t - * >• v<» 4 n* 
employ the degree of deflection m 11 ffustMjjv of the tm-a *4 ,* wmn. 
Some exfH»riments in this direction which I im\r und* red <■** f’hr 
suggestion of Prof. M. Xeissrr have tint vrf U-ru <**»m hA* d 

I have already stated flint the other a* in r w-m o ? 
etc.) could not be used for complement ;tt# ?!§«■ 4# uuiirviK- 

serum, although in themselves they wef*- h;n’t*'r?cid.d iv*n ye 4^ 

immune serum the phenomenon of nunplemeot r 4S1 W 

demonstrated very nicely with these sera ubi#, 1***1 h 1 JJ , 
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Her tun. «% 


ArUvf* 0***1 
f?r, 
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JIM* 
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0,1 

0,03 

0.01 
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0.001 


0 3 
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Control* 
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Perhaps also this method of tenting is available fit? 
the grade of liaeterieiclal sera, 

B urthermom by means of an ithsorjuinn leal in tint, 

experiments of A. Li patch* 21 I have rv»m*iitmi myself |j| r dcfl*** 


1 iHmtNclia Hi#cL WfKrbcajK'frHfi, Jfiil # %m, 43. il 

8 &# pm§M 132 et n««§. 
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ti«Ii *4 * n» v* i,* h nfi) 4 4 aHtaalh iltn* l<» art rv*<MK (if im* 
inuii^ 1 ** v* 'si- i b *t * : ,rj*|4i, t« f b*« ptr ntn* of art antimmpir- 

fir fit. 

1Vif \* i< ’«r ar«i I fisMSifli flint ibb |»!i«nmiii turn nf <’mii|4t?» 
fiii iif 4* s«* * i/ w;J j }** in mint Lrr *Iirrf f but, KitrlHt ami 

Li I? | i?' ; i * r '41 I « t *4«* r*il, Law* «t«*fwiti*4frii,fi*«l f In* i'&wU'tun\ 

vt .i f Lh *>3 ** n|#i Pi4. t fii ^ i« xx #*f iLh it wa* romrivabk 
iS.ii LH * 4 *f*» >*44tu**r# iif iififijiiiii* ,-snf titn to a ttonitnl 

i u .ill}'t ( ?*h 11 siit * niiijilciiirfit ttiiiiLl Li* tbflwtwl 

I? *» #»* L *** m *b«* mmmui* M’fmi$, ivliilr flu* muiuumg 

i !#)•«# n,» jit i ^ * t* h fi * f'«ii 1 r*»iif tlm if %nw!4 folicnv that 

fli" i^tsiwl » * I'tfh ii# iiUf’tsufi %u II ill I iii tin 4 main liitvt* kwi 

*«uU U ij »4^ ! I .*« H? ** i4A ;m« i*4§ t fJnlr it 4ill r#Hi«fif4 aliianiiill tin* 
I# tbrf« I tfi»* '& i*h s4 f ), 4m b*r» i »* ifJurlf liml If? t 11 I ifii'l rrirtclfil 

? L • Jm t*»t H\t L.*< fi raiiii a W»#< ifiiiiiiifii* l?(wl v lift * Imi*it twlcfrtl 
Li rv .** ? v a 1 > ’ * 1/ i/er unfit* nt I # rnt’i*i*<Lllg 

ff? 4 • < Ht» - » mt >vi* im ,<«f* ^ v*** lir * inf*'i ft *1 ii tmtinai > 4 *«r 4 with a 

M*-'t 31 v > «*•* ^ *4 *h 1 n Miviil! iiiiiniitit h if t iiiiififiTlntl 

jd*»M :v f n I‘ $4 at «tn fulfil Hit rr, 111 'iPt? IflllllltflP 

4#i# i44#*i nii4 tkr 1 ’jit hi ttlff*rnifHtHt At fht* 

1 1\4 i4 t f 4^- L' <• ^ ?itM| t «4 fi« ilnii ivrri* n*l4nl fn a 

fi|H ** \XutVA,tf 4M |^rl|»r r*«lf » nifll lift4 ft/i t?»fl«1lV!t 

Hi/i ai>i,# ^ Wl*r | kt«-H ti4i*k ? 11 fr*»fii fbt* iiri|4w»l triftrli^l 

ij 1%,*’ m *i* ?uW; <*im! ff#4ii fhr tiiln* nf|i*r it 

n \i .*4 H<ii l* j»* ;ir r fW A fi’riil trinity 

^!m;m 4 if ’41 a *j*f* *L*' t# /s tu*f m iwM ilii fnhr^ f4iif*% f<fi 

fh,i^ #«'.*'!i f If* ]Iifr »? 4 fi»|% | niklfltl^ t*f fly^l*tn 

tif + , ^ Is,sf« ^ II nfi4 (f{ 4i«w nitfi4»*rnti;4 minuiru In uni* nt/r 

V 4 < r#kp ‘4 4 ti ntrf % Lari lb in Ultima llftml Iff, 

nJ*h^j|»l4 ti«*i.» h m| !*f“i ii «ii Huff* I, it ftuij \tt* ittiiifiniii+tl 

tliii up *1# i«f'<lhiiit rrmft4iitt'ii4f4 by %, Ifriinihlii nritl 

1 Imi it l* ft **f ^iphml Lari Its f ,iinl btiinit it tif umit 

%<h I'Lr rip tb4 jut 4 ^‘^iibnl f«>r twtrliini mlftifrii riniy 

|# ffia|*** r%n jtkJi »| *if ,4 ‘ 4 , 
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CULLEITKI) STMMKS IX’ IMMt MTV. 


Him* ml. 

Ah ii result of the* brilliant in^*; *mat **l 1 i*ul 1 * * on fL* »tiir hw**| 
and of Hisenberg and Yolk *' on the othir, !wu ir^ pb mm,« %*;. i ew 
been described as orruiTum in lb* 4 again bant*on nun tp»n, | j,, j^jm 
which are of great imjiorfaiae in 11 *«^ .-nub of I 4 a 

first showed that typhoid buriUi v had* had f * * n ad-ad m an ,j» 
tiva ted (by heatj ugghl!iuin nod thru <* nf idom d * mi,id a*.? begm 
be agglutinated by I In* addition of arfr. i- agglut nun, I h* find’* of 

Kisenberg and Yolk described at* jrn guJanH ortusnnr n« a if,*-: *4 
ugglutinations which manifested iio if in thm* ttb» mp* , n^r 
turning the* largest amount of agglutinin darned uuh f*i bh mySubnio 
tion or none at all, while the tub*** containing 1* agglutinin 
strong agglutination/ 1 llnsl wne of the opinion that || 4 - jb,* man* m-n 
observed by him was due In tin* iutefurtsou *4 tu* *« o?uj «*u* nm 
reHjmnding to amlioeejitor and romplementand l« Mipj*und flo> 
with several reactivating exftertifu nU, Ju*enl**rg and \ oil # »jdajjed 
the irregularemirseof tlienifuSiifiiiafPUi by the prr?* ini of agyhiUnoeK 
a view in whieh I fully agree* 

Following Khrlich’s immenrlufuri* I should* Jdm to u no 

then® agglufinoids i prmuj^nUu^^h^ for tor utr dealing iiifb if#* -p u<m 
of HulmtmieeH whieh nrim from flu* mybittfiiito um ii rc.Mil* »4 r%irtio4 
influences. Furthermore the proagghomoab i% higher afhmn 

for the bacilli than the undoing* d ngglut anti. and *hry hate Itrs thai 
group whieh k the mil furrier of the 4g|dnfiimfmg while fh«» 

other group, which effects tin* coiiitanafam «tfl$ the tttrft'fja, i* left 
intact. 

1 Artihiv. f, flygictun ififif, Vol. XIJII. 
f. nygwttt*, tftffi, V«i. Xh, 

1 Tliw immkmlmt plmmmmmtm k I if A**km*m in m fmm 

tli® ffwtltnti! for Inftmtmm Own*** 1*4 pi # font , mpI >* \ y 

liitn a “revmrwty Mmvlng C mm intipstelin drti vi»rlaiili#fi«j|ni 

l^ftaottuin^). 

4 Bit'll t-ho ceiirlfittiofi of tlmm* fmm $ww nfmlm* I«%p 

on imriplimh. It. Kmm C<Ynfr»lI4#t fur II Ammhmk i*m« 14 \\ \ |f 

No. J), v. Pirquet awl Ki^nlmr* ll tiwl! -I 4. .fc. 

db Cmcovie, al«* CnMmOifaitt f, p*ta. V#»| \XSt N», ?**. 

also Wiemr (Kiln. Worhmwltr. IWU. f'|» r P»d{iltol*te|, Tfe mrntmt* 
anrlve at tl» wuw wmiIi* am J«v« Ii«*n dewtrilwdl tm Mytl*ditM!fcin Tl»ir 

experintentu for demon*rating tW mm «mth, t«, mttw tut it* 

praagglutinokla. 











n uni). ii us thl iu< iu.i 3J» 


f r»iiii ili^ birg*< iiiiiiilirr of r&]«*riiiH‘tttrt w 1 liu* tmwlr with 
4', i lit# p, ;»fi4 f>a* ilb 1 tau« nlt-rfi 4 muU 11 *t * * - w hit It uuy 

nr** i* * 1* )w *'!. tN tu * \ I ' if 4 1 ,, f In * *l> ‘*i’!it rl i in ii# n an#’' a i iiiu 

.;**■< i 4,«-’l m--*.* i 5■ < s;j a :* »\ t *i 4*iti*»n 4r;tfr flu* ( 4 min u* \ t*1 k 
1A <•?*'»!* r U 'S - * '<*$• ■*.*'4 a ' *1 1 Jul th * Ii u-i% ililllSfr ;M**I Hifh It 

hfn * -'i .* < 1 *'■" *<*! * inlhm , An ;>p; r mtniir *,v;r* 

■a 4 < J; A 4 .a 1' » < * '4 .*./« o *4* , ah |i 11 ># f it, \t Iff f ihi n;r U 1 4 

..«* f4 4. A;/ * ■. *> , 4 a <2 »*i* a s'* » 1 A f.;t4 fmmtl tbnf 11 a i * r int 

4Mi< * t,L * m ^ « S'U «*! *i ; if ir ainl flnpl t till tjt t , tin tiilfftfi* w;r< 

n^-.i & }'h n ,« ,i<H s <* »u m| f * i n! * * fi»tfitii)iii ^ Ml* * 1 < i|n» *iM»tr ri’iit 1 

in* y ^ <4 4# ‘ 1 U'*i >* *n \U* , | if it ** r;ir(t Mtt»f\ lltl*! tlrffrjr !ti|£ 

n^\, ib«- H'ifn ;ia»- -rfaia t' Smi •' < Ut '* iUf rtf t ti .uallv tip to 

* M „ i I M4 Mi * 494 fitkv 5!” «*i*r It nf lb*- ftthr'i Miatif if r*‘ ! t s< # 

!-• s »i4 f fa* !l ii-ff liff'tiit ?if * it‘ H M it It I tfi prrfi <1 m| 

I,!;* ^ u4 J ii w i 71 h<unt> , fulfil vttfli tlir It;? I, nl Hr 1 Jtfi«I % 4l ft It 

i*4r f • I U- r*”‘-Pa'f r lM»f* *1 tin ImIIuH i, 

1 *'* arfliMlIf Hi , 

# a f *- it ,;aii 

* i it x $*» x i>p^ ;iV\ ' * ** it if t f*ilt 

I- | ^ r * v #| att , 

i fi'|i nr ftwl Hitb isn a«i?|tii iti#ifi4 ^liir«*ttl* 
14 in. i; 114 
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Tt«* wmi kumI*' lh»« flu' JHOflntiitnlicih wm tiiwli'ml 

in itiw bw 4i!«ibt» lif *1 j«- t**i*<- <»f wrnit* |<rw«t in t!»* 

tnlm. TWt* «mmi N’t bj* » rr»rrp*j#*n*tmw a*l*lit*«*n «»f 
nn*l »f ttthpt ftu*l« (gflminp, ttmnhm*, Hr ) (*> t!i#» uit«*r *Ht*iMi»n>4, 
In i}ji> #ijij ity«M<nii<ry wrttm tlw* m t« itir> iii*v«*Ifi|»rut<ril i#f tlw 
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proagglutinoid from the ajjglutinin emdd **nl> be ■’***' ft *'0 ''' 
that the amount of proanglutinoi'1 already pn > i.* an < !<- ■ » 

be inereaiHed hv heating, by continued e\j*-Mif !•> Li'M 
addition of chloroform. See Table V. 


TAUI.K V. 


Dilution of Ilia 
1 iymtitwy 
Scrum. 


1:10 
1:20 
1:40 
1:80 
1:100 
1 :320 
1:040 
1:1280 
1:2500 
1:5120 



i 

i 


I li#» Hcf tti*» ^ 

mr i i*»t inm ll^^t 

2 Hr# | f. lift 2 * ID® 


4 ,* «■ nr’ >i*>> ‘ 1 *** * i 

w.O, « bn », < 

; ID® M*» 


The development of flw* proaridut neod from th«- “ 

still more distinct in a fr« # di iy|4 *«m4 m rum 'p'.*'- t'-'* 

serum, which had shown no /one of proa*?#!***m* d < f * 4 • 

tinefc zone after Iietng heated twins n> fiO” for lour 

By thin exjrrtittefif the higher itfiiiiifv of ft*' 4 - 

already demonstrated If mn, hnwmer, I#* * <mf<t m* 1 *f o «.i i *4 
ex]>erimentH. By shaking the dy^nDrv ^tnth v-^h , td-*D h'?m ,< 
was jjoHHible to effort almost » cnntph fr freteforuM?em *4 .ve*u* mo 
into proagglutinoid ho flint tin* <»« mm fardh :uyhu* ,n 

dilution. When to a do** of tl«»* iinrhniiynl 4% »* nmn ?otu *- 
dent by itself to effect ion I ;*dd<d 

of tin* serum treated with chloroform. no rowbirmaimo * 
in the dihit ions up to f:l«t fron’ro] leM.* w»*b * 
normal serum were invariably mode f The mtu*» t «*mb f*r 

obtained with d>wnferv serum that had two ^ 

m*rtirn Inrnted for #1 lionrs to iva^ nhb m ddule?e^ #4 f'lu e* 

1:820 to prevent itgultif iiintioii f*y a *4 thr h^?,r« 4 
dysentery «i*nitn which hy itself would have nufte^l U* 

1 : 160 . (Bee Tnlile VI.) 

finally it mummed to pmvm tint llie |>^«igliitiiiiifel li»i.| fmfty 
bean anchor**! by the haeterk, i.i*., thnt lli«* ajotlttlimJ*!** gmnp -of 

the bacilli had bt*sn blocked. Tlik wan rtstilf ».«f>ftt|il*4i«l bv 




h hi - *r* i hi, u\$hxmt\ HAriLLra -wi 

a/a * v* ,i ai a !» r a ?* Jl, ?fnfii f hn r f ntfi* in s\ hi‘'li fin iitfglu- 

h< i ‘i } ' * a n l j, i .vli i. * * * 4 4t *u n *1* MS’* ar ft S?tt ittiri uhtfli 

i ) -< * , I ; \ * ’ \ a *i J »il Ur o< j ilf a a fhiif f}ii’Hi* 


i \ * » /, ’ \ a * 

• I i n;. • r * 


n |nlii*fl fftflltlua 


’ \hlI if 


* j - •*•< >r 


i ? t 


’ Wl 

' * 

‘ Ml 

’ i 1*4 

{ ;; mi 

1 /.iMl ' ' 

i <1 

* • t - l * i %\ I n 


os, <,’* i f uas\ k*< iw i i *,jp I |$i tj*r i*\|r mimfflita 

fa 4’ * i m 4 m? * i* . <*| i .u t-ii.i *:i •. tir Jitiif in nil fir fit!#*. 

»*m i < |lirta*r J # '!fx wUr^nn* % in pnttk ttrtt inr«k itfltrr 

, i | 1 i ■ 4 ti > /( * i % **l I,*il 4*' \ ill 7 *ltf #41 4 fliftf I hr /iifii* iif 

•; o mmI A? vj p* a * if a bffM «iiifiiitiiv iif 

I u f 4 A»t* * liiphr « 4 

a* <4 ft»o H mil 4ifliHl!f if \%p Irilf 

a -i 4 i ,| 4, * i >♦* iai* ti*' of \J \*. ^rf and 1 mi ffio #itr 

4 f r* *i4s»ne *in4 V4i «#n fiiootlior lli« * 

ti t\* lui-M 4*^4 n ’haMf f lint #*, j4ioi*l ftiinfli, for mniii|4t% 

nf4 ia ^ i/< ioi W Im gn'a««'f <pr«tif40, **| i?f|4til ifiiti lliftii ih ri # #|iiiiorl 
i‘»* 4 < a .avia 4 it ***!* *n»' tn i% fla i'rf»r#aM«tiifio tlwit f hf v *kvi*iiM , rv 

f p 1 a* ml *s \‘9if >3 * x ti OfMoorr *4 li'rr(4or^ % h|r»li llin illila f«i 

vr«, 4 *i \*ut4 J* tififiwr, fi-»r4 11n *nr%tp*Mtmi nf nnlv ti 

f< 1 4 ! I,*'*#* inatn r*f*M 1* s' flu- isrtrr k ii|f|*firrtif I> 

11/4 < »isf ItfiA* a r l#» t \%t* <h 'rnfi*rv Imr lltn^r if 

%%*> as 14 * *at*|^*r farilJt f« % i^illlti mlijrii wmUtm 

t!i% k pr«ttifph$Uhm4 Iifi4 Iftfli ^gbHituth n hW* fillffiluT of r«*f ^ 

nf ifia Ii*p itii m ill ft#> t# fa | ip a if if li if if in it l, lf t tin 11#** ifinfrur?. 


: |«#*» 1 ’111 «?l 
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we add a large quantity of bacteria to the same amount of serum, the 
proagglutinoid will not suffice to occupy all the receptors and some 
agglutinin will be enabled to combine with the bacteria. This, how¬ 
ever, results in agglutination. 

As already mentioned, my original culture proved entirely identical 
with the Kruse culture so far as the zone of proagglutinoid was con¬ 
cerned. The Flexner culture, on the contrary, behaved differently, 
for, although it was agglutinated in the same degree by the immune 
serum, the zone of proagglutinoid was entirely absent. This is well 
shown in the following table. 


TABLE IX. 



Absorption tests, which were then made, showed that the Kruse 
bacillus when added to my immune serum completely abstracted the 
agglutinin and proagglutinoid for this strain, while the agglutinin for 
the Flexner strain was abstracted to only a slight degree. Conversely, 
when the Flexner bacillus was added to my immune serum and the 
mixture centrifuged it was found that the agglutinin for Flexner's 
bacilli had been completely absorbed, but only a small part of the 
agglutinin and proagglutinoid for the Kruse strain. 

We shall therefore have to assume that my original strain corre¬ 
sponds completely to the Kruse strain so far as the receptor apparatus 
is concerned, while both these strains possess certain receptors identical 
with those of Flexner’s strain, and others which differ from them. 
We may furthermore assume that the serum with which these experi¬ 
ments were made was obtained by immunizing not only with my 
original strain, but that in the course of years various other strains 
had been used for immunization. In this way agglutinins of various 
kinds were developed, and these, of course, also fitted strains with 





FOLLFJTK!> H1T1MFS l\ IMM* Ml V 


321 


a somewhat different receptor apparatus I? ?;r^ p n,Mh I *»...? 
the receptor apparatus of the baetena 3fifi**I tm j« j m.ij,* m 1 on ou 
the same qualitatively and quantitatne|y. a ,, vo u b»' *. e 1 . ' me 
experiments of mine* in which I .succeeded m j»r*l.u ?.r ,* ! cv* a, 

these proper!ies by means of cultivation, ‘1 Fu* ;*{•« r b:« t».* /noui 

Kruse's bacilli on sterile milk 1 ten conseetiU' e nee d*' .v n ,n> 
planting on the sc*eond day b and fitialb Man | hum 4 a ’ * .ecu 
it was found that this milk strain no longer boa**! ?!,*• ^ »* "< M » 
proagglutinoid reaction. 

On making; mutual absorption test**- if was mvu that she 
was no longer like the* original Knise strain Imt i-m jpK 1,1 r ** at ♦ f 
Flexncr. That is to say, this cult nation *us n*dh had ;§ 

gradual change in the Kruse strain which tmmU Mid d.-* II n tbc 
changed proagglutinoid zone of the absorption pmM r «nr I ;d J*- \ * 

It remains for further exjrriiiieiifs m tins direction u* ■ r<- *Fh« P *-r 
I shall Huecwd in cultivating flic Milk Krtm* *»ram bark o# *h** uni 
Kruse strain, or in changing the Flexner strain info the 
Thus far the Flexner strain, ns well as I hr I lwo*n -M.on : jo nd 
by cultivation, have preserved their prn§**rfi«**t for months 

L In the bactericidal fesH, a* well m in ngpfuhtnf t .e f 

my original dysentery k! rain from Japan pnm denf arH do 1 ^ b ** *h 

the two Kruse cultures. Hince thioe are th»* ut*« f o fued be Om-h 
at present at our dihpo^al, there can hi no doubt t«» tb* ,<b n\ ^ * 
of my original cultures of isifT with fine#** bavdh , *4 pt**o 

2. The dysentery immune serum dem * d fioin a }<nj *. rod* m, Fn*d 

by me for therajiinitjc ptirpOFcs iii ISMS ptttfi i ui L/eb 


1 This method of cult but inn really mud* U * >m * «$ u* <4 

<3eIH (“Zur Aetblogia dt r l>y.differ ie, v hr|#lrn« I r •»» Util*'* i f Mf my | (f , ii iH4 
would aluo coagulate milk like ikt hmalhi. Fnintl by unu, U a » *« 

H-10 times cm alkaline milk, 1 he rc*c*lt i#l icy #i f n* *- ^ 
different, for ricithtir my origirnd undn, urn tin Ur;»,n f4 Ji#u*» u * /f 
Flcxnor coagulated milk when flic enlfure^ «rr« on imll i**m ** pw* «*u c 

times, provided eiirc was taken to protect the mill fr«un *oM,itno* s I I fl #| 
ulrcfiwly tented <ViIIFm bmulln^ m Japan rind bund licit if n * 

amount of gtm and coagulafed milk, ilrrw> iuy Icicdbi# ♦!»«•» ie t d*# it fs |<| 
view of this and of the further fart flint f VH# * Im* $llm 4# * fe>t 
with the Immune neram pmUmnl by mean** i»f my bwrilbin, f t usp | ?4r if #i M 
two organisms am entimly dbtmet fmiw one niofl^r a %i#*w %§,p u I 
already ex preened In a pmvioti# mmmtmlmihm 



if uiiMi Ml > *1% fill \ it ,u\ Ivvrifjj ,s .I'ia 

in flu’ hm if i niirli rn'fn ^mnplrmmnlnUi} In htusmtt wrum him 
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It ‘f h*> 4* ’tjfti **{ i tisnf.!* m* in nf \* iwt IVi rlitilsrf^ rniil4 * **ry 
f«n 44 i f r 4 4 ?th *\a‘* ^rtniii ?m 4 t|»«* »«i fr#t n 

t«« ^ ?n* 4i«*4 *4 4^'fuh ftvtn* I-nrf^rin! ui 

| J fr < In##i|*r nf f)^ Infffr4t fflfn ;* |*r<ff»tf}4tJhf}(u4 #*i'4» 4 

ii$ 4\^fdrr* s m tmn hh4 h \ A\*n4 n-n un 

h \ atiW4 n *+f rnitiH tim\ 1 }*#'«'«*•/»'* ;* «f<i^mlint tjiffnrntil r#rrjftMf 

tW ifpmiin <4 mitt i*ns«'4 niffiir*' mu tmlk t% rnifnni * Imtwt* 
ifi ihr U'Unuut *4 tin* frfrjrfny n|f|»jirfiiii^ uf th^ni^rt liunilt r«f*sl4 

In* rffrf tf *4 

In mm hintwi, I Up mv tfiniiln Up Ytut, MlirlMi stml 

|%fif. II fnr fiktfiii ft#* ill flit# «tu*ly 





XXIX. MKT1I0D8 OF STUDY!NO Il.KM* H.YSINS. 

By Dr. J. MoitrsgNtcori!, Metfilter «f flic 

The object of the following article b to ghe a hr <* f ^mIum' *4 she 
principles governing the technique of luenioh Ur r\*>* j me 0 * > it m*\ 
be taken for granted that the methods employ'd m th* 

already described will lie applrablr to iimm pnibh m *4 h.* tu< n >,> 
still to be studied and to many que*!ionn cofe^i moc \*vu 
and cy to toxins. In view of ibis a n’-tefititir *»n «h* \u*»U 

will prove of considerable \ alue ewj*ermIh to mw inbi u * ■ Ha,» 
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to observe aseptic precautions; usually all that is required is to 
collect the blood in dry sterile vessels, avoiding contamination with 
dirt, etc. Hence the troublesome method of collecting blood from 
the carotid of the animals will only then be undertaken if for some 
reason asepsis is necessary or a large yield of blood is required. 
In the latter case the yield of blood can be considerably increased 
toward the end of exsanguination by rythmic compression of the 
•cardiac region. With goats, sheep, etc., the blood can easily be 
obtained without any previous dissection by means of a suitable 
canula thrust through the skin directly into the jugular vein which 
has been distended by compression on the cardiac side. This is the 
method commonly employed in obtaining the therapeutic sera from 
horses. In this way small amounts of blood can be drawn from the 
animals a great many times. Smaller animals, such as dogs, rabbits, 
guinea-pigs, and rats, are most readily bled by anaesthetizing them, dis¬ 
secting off the skin of the thigh and then with one stroke cutting both 
the femoral artery and vein. From rabbits small amounts of blood 
are easily obtained by incising the ear with a scissors or by means 
of a hypodermic needle introduced into the marginal ear vein. Small 
amounts of blood can be obtained from birds from the large wing 
vein; in the case of geese and ducks the web of the foot can be incised. 

For purposes of obtaining serum the blood is collected in cylindrical 
vessels and allowed to coagulate spontaneously. It is kept in the 
refrigerator until the serum has separated. Several hours after 
collecting the blood, it is well to loosen the clot from the sides of the 
tube by means of a glass rod or spatula, for if this is not done the 
serum may not separate. Small amounts of blood are best allowed 
to clot in cylindrical glasses or tubes placed slantingly. After clotting 
has occurred the vessel is placed upright. The serum which separates 
will then flow to the bottom and can be poured off the next day. 
If the serum is clouded with blood-cells, these are to be removed as 
soon as possible . 1 

When the serum is poured off the first time the vessel containing 


1 An excellent centrifuge with a capacity up to 200 cc., but which can also 
be had for larger quantities, is that made by Runne, the mechanic in Heidelberg 
University. This machine is made either for water or electric power, and runs 
•exceedingly smoothly. For centrifuging smaller quantities of fluid, and espe¬ 
cially for sedimenting blood-cells from dilute blood suspensions, the hand cen¬ 
trifuge designed by Steenbeck-Litten, and made by F. and M. Lautenschlager 
in Berlin, is excellent. 
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the clot can be kept on ice for 24 hours longer. In that way a further 
yield is obtained. 

In order to obtain serum immediately the blood is defibrinated 
by whipping it with a stick of wood or by shaking it in a bottle 
containing some glass beads, or still better a little mass of dry 
sterilized iron turnings. After the blood is defibrinated it is centri¬ 
fuged and the serum, carefully separated by means of a pipette. It 
is well to fasten a long rubber tube to the upper end of the pipette 
and have an assistant suck while one watches the point of the pipette. 

So far as concerns preservation of the serum it may be said that our 
present experiences are not yet sufficient to permit us to formulate 
safe rules having general applicability. It is not only necessary to 
prevent putrefaction, but also to preserve intact a large number of 
most unstable substances, the conditions necessary for whose existence 
are, in part, evidently very narrowly limited. Hence for the present 
it may be put down as a rule that in all important primary determina¬ 
tions only very fresh serum should be employed. This applies above 
all to the study of the complements. Negative results with sera 
which have been kept several days and which have been exposed to 
any kind of thermic or chemic influence, are particularly unreliable. 
Hence it is necessary that those properties of a serum which one 
purposes to study should be examined before the serum is preserved, 
so that secondary changes can then be controlled at any time. 

The easiest substances to preserve are the antitoxins, anticomple¬ 
ments, antiamboceptors and the majority of artificially-produced 
amboceptors. By the addition of carbonic acid, Pfeiffer 1 has succeeded 
in keeping a cholera immune serum derived from a goat for five years 
without decrease in strength. We have preserved haemolytic ambo¬ 
ceptors for a long time without any addition, by keeping the sera in 
an ice-chest at 8° C. The development of bacteria is usually prevented 
by heating the serum in the test-tubes stoppered with cotton plugs 
to 57° for half an hour. In this way the serum is both inactivated 
and sterilized. So far as our experience goes the anticomplements 
and antiamboceptors can be preserved in the refrigerator like the 
amboceptors. Drying the serum over sulphuric acid or over anhy¬ 
drous phosphoric acid in vacuum can also be used for these substances. 

Of all the substances here concerned the complements are by far 
the most labile; whenever possible, therefore, fresh serum is used 


1 See Mertens, Deutsche med. Wochensch. 1901, No. 24. 
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II. The Method of Making Haemolytic Experiments. 

General Considerations. 

With a little practice the quantitative estimation of haemolysis 
proves very simple. The two fundamental points, entire haemolysis 
(complete), and no haemolysis whatever (0), are usually very readily 
recognized. By “trace” we mean the occurrence of a faint zone 
of solution observed just above the cells by. gently agitating the 
test-tube. The estimation of complete haemolysis only then offers 
difficulties if considerable agglutination has occurred, so that the 
fluid when shaken is clouded by the clumped stromata. Such cases in 
themselves are poorly adapted for quantitative studies because at 
times the rapid agglutination may purely mechanically prevent the 
escape of the haemoglobin and so simulate an absence of haemolysis. 

In this respect according to our experiences the greatest diffi¬ 
culties are presented by dog blood-cells and the specific immune 
sera (derived from goats) against these. This is still more the case in 
such sera derived from rabbits. It often happens, before even a trace 
of haemolysis has occurred, that the dog blood-cells are agglutinated 
and fall to the bottom of the test-tube. Goose blood and specific 
immune serum behave similarly. In these cases it is necessary by 
means of frequent shaking to separate the agglutinated blood-cells so 
that the haemoglobin is given chance to escape. 

In those cases in which the usual method of describing the degree 
of solution does not suffice, and accurate quantitative determinations 
of the amount of blood-cells dissolved are desired, one makes use of 
a colorimetric procedure devised by Madsen in which a color comparison 
is always made by dissolving blood-cells in water. 1 

Agglutination is usually easily recognized on shaking up the sedi¬ 
mented blood-cells. It becomes very evident when the specimens 
of blood are shaken and one then compares the rapidity with which 
the blood-cells settle to the bottom. This is always greater with 
agglutinated blood-cells. 

In general a 5% suspension of the blood-cells in 0.85% salt solu¬ 
tion has proven best adapted for haemolytic experiments. 1 to 2 cc. 
of such a mixture in each test-tube is sufficient for most tests. When 
material is scanty one can use amounts very much smaller, though 
usually this will be at the expense of accuracy. In this case, of 


1 See Madsen, Zeitschrift fur Hygiene, Vol. 32, 1899. 
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is highly toxic for the animal injected. If, for example, a rabbit is 
injected intravenously with 10 cc. of dog blood whose serum has 
not previously been removed, the animal will die acutely. By pre¬ 
viously heating the serum one also obviates the reactive production 
of serum coagulins and anticomplements, both of which can at times 
hinder the estimation of haemolysis. A general rule as to which 
mode of injection is to be chosen for immunization cannot be laid 
down. Larger laboratory animals are usually injected subcutaneously ; 
goats usually bear intraperitoneal injections very well. This mode 
of injection, using blood-cells which have previously been dissolved 
with water, is used especially when a particularly marked u ictus 
immunisatorius ” is desired, as, for example, in the production of 
isolysins. Birds are injected into the large pectoral muscles or 
intraperitoneally. For rabbits and guinea-pigs the intraperitoneal 
injections are well adapted, since, if the material is not positively 
sterile, secondary injections (which in subcutaneous inoculations 
often lead to troublesome abscesses, especially in the rabbit) are 
most readily avoided. Injuries to the intestine are best avoided by 
holding the animals almost vertically, head down, and thrusting 
the needle into the abdomen in the median line a little above the 
bladder. The needle should not be too sharp, nor thrust in very 
deeply. (Personal communication of Dr. R. Krause.) The repetition 
of intravenous injections offer especial difficulties, for after hsemolysin 
formation has once occurred the blood-cells introduced are rapidly 
dissolved, leading to the death of the animal from embolism. 
(Rehns. 1 ) 

Another thing which may lead to death from embolism is the 
formation of coagulins in consequence of a previous injection of 
blood which has not been freed from serum. These coagulins cause 
a rapid formation of precipitates within the blood circulation. 2 3 

The amount of blood used depends upon the size of the animal 
to be injected and upon the special conditions of the experiment. 
Up to a liter of blood, freed from most of its serum, can be injected 


1 Rehns, Comp. rend, de la Soc. de Biol. 1901, No. 12;. see also similar 

observations made on man by Bier, Munch, med. Wochensch. 1901, No. 15. 

3 Very likely the inexplicable results obtained by Magendie (“Vor- 
lesungen uber das Blut,” German translation by Kriipp, Leipzig, 1839) were due 
to the formation of coagulins. Magendie found that rabbits which had tolerated 
two intravenous injections of egg albumin without any injury whatever immedi¬ 
ately succumbed to a further injection made after a number of days. 
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serum, which had thus been deprived of much of its toxic property,, 
would appear to be preferable, for, owing to the complementoids 
which it contains, this would cause the production of anticomplements 
just as well as fresh serum. (See pages 79 et seq.) 

If it is desired by the injection of a certain serum to produce 
anticomplements which are also directed against various other sera, 1 
it is necessary to repeat the injections several times in increasing 
amounts. While treating a goat with rabbit serum, Ehrlich and 
Morgenroth observed the development first of anticomplements 
directed exclusively against the complement of rabbit serum (iso¬ 
genic anticomplements); in course of time anticomplements directed 
against the complements of guinea-pig serum (alloiogenic anticom¬ 
plements) also appeared. Here evidently we are dealing with partial 
complements, present in rabbit serum In small amounts, which require 
several repetitions of the injections in increasing amounts in order 
to excite the production of anticomplements. 

In the production of serum coagulins [precipitins] one proceeds as 
for anticomplements. These serum coagulins have been shown to 
possess considerable value for the forensic determination of various 
species of blood, especially human blood, as has been shown by the 
researches of Wassermann and Schutze, Uhlenhuth, and many others. 
In the preduction of milk coagulins one or two injections of 20 to 
40 cc. of milk into a rabbit are usually sufficient. The milk can be 
heated to 60° previous to injection in order to reduce the number of 
germs present. In connection with the production of serum coagu¬ 
lins Uhlenhuth makes some interesting statements (Deutsch. med. 
Wochenschr. 1902, No. 37). Among other things he describes 
something we had also noticed, namely, the occasional failure of the 
reaction and the development of “alloiogenic ” coagulins as the 
titer of the serum increased, a fact which corresponds to what we 
have above described for the formation anticomplements. 2 

IV. Determining the Haemolytic Action. 

The fact that certain poisons of vegetable or animal origin, as 
well as normal sera and other body fluids, possess a haemolytic action 
can be determined so readily that it will be superfluous to enter further 

1 See pages 111 et seq. 

1 Concerning isogenic and alloiogenic anticomplements, see Morgenroth 
and Sachs, pages 258 et seq. 
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important to determine whether the haemolytic agent is a haptin 
in the true sense. So far as the alkaloids, glucosides, etc., which 
act haemolytically are concerned, they are generally readily identi¬ 
fied by means of the chemical methods devised for their separation, 
methods based on precipitations and shaking out with solvents. 
This is not true for the haptins; they cannot be prepared by these 
methods. At the most, it is possible to precipitate them in con¬ 
junction with the albuminous bodies. Another distinction consists 
in this, that the substances which are chemically defined are usu¬ 
ally thermostable, while the haptins in the great majority of cases 
are destroyed by heat, especially by boiling temperature. One 
distinction above all, however, is the fact that only the haptins are 
capable of causing the production of antibodies by immunization, 
and this makes a classification possible even in difficult cases. Fre¬ 
quently the facts which we have already learned about a substance 
.allow us to make definite conjectures. For example, if a vegetable 
extract possesses haemolytic properties which are not destroyed by 
boiling, and if it is found that the haemolytic substance is soluble 
in ether, we can at once exclude this from the class of haptins. On 
the other hand, if one finds that the haemolytic action of an animal 
body fluid is destroyed by heating to 56° C., this fact already argues 
in favor of a haptin. Other methods, including perhaps the immu¬ 
nizing reaction, would then be required to determine this positively. 

Y. The Study of Complex Haemolyslns. 

We now take up a question of paramount importance which 
arises in the study of every haemolytic poison, namely, whether in 
any given instance we are dealing with a simple hsemolysin, or with a 
complex one consisting of amboceptor and complement. 

In determining the complex nature'of a hsemolysin we now have 
the following methods at our disposal: 

1. Separation of amboceptor and complement by allowing the 
former to be tied by red blood-cells at low temperatures. 

2. Removal of the complement or changing the same into the 
inert complementoid. 

(a) Absorbing the complement by means of certain cells (e.g., 
yeast-cells, bacterial cells, cells of animal organs), or by means of 
porous filters. 
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for the union with the blood-cells. Such a possibility must ^ 
be borne in mind. 

The technique of this separation at low temperatures i-*"* 
simple. The tubes containing the blood and the serum respf*'* 
are cooled to 0° by being placed in iced water or by packing 
Thereupon the serum, in amounts which are not far either wa V 
th6 single solvent dose, is added to the blood. After beinf^ 
at 0° for two hours the mixture is rapidly centrifuged and the ^ 
natant fluid quickly removed. If desired, the sedimented ® 1 
cells can be washed with salt solution and then suitably susp< *l 
The decanted fluid is again mixed with blood-cells. For thi?* 4 
pose, in order not to increase the total volume, one takes the t * 
cell sediment centrifuged from the required amount of the 5 # * 
pension. If a complete separation of amboceptor and comply 
has been effected, it will be found that neither are the sedi«x 
blood-cells dissolved nor is the decanted fluid able to disso! ^ 
blood-cells added anew. It is then necessary to determine thx 
ence of complement in the decanted fluid, which is done by ft* 
suitable amounts of serum inactivated by heating. Similarly 
amboceptor anchored by the blood-cells at low temperatures is clx 
strated by adding to the sediment the complement present if 
decanted fluid. 

The second and simpler method is that of inactivating the %%\ 
lytic serum by means of heat and then activating the ambex^ 
by the addition of complement. In this the chief difficulty 
consists in the fact that a certain complement required in 
ticular instance is not contained in all sera, and further that tlx* 
which contain this particular complement often in themselvxH 
solve the blood-cells by means of a normal amboceptor. 

There are several ways of overcoming these difficulties, 
neatest method and one which is applicable in many cases <*r *I 
in selecting as the complementing agent the serum of that m 
species whose blood is being tested, as, for example, using gulf» in 
serum as complement for amboceptors acting on guinea-pig %\ 
In such cases a solution of the blood-cells by means of the aril 
own serum is, of course, precluded. 

In all other cases one must make use of complements^; 
which are unrelated to the species of blood in question. Of §4 
quently discovers sera for this purpose which do not in therru* 
dissolve the blood-cells to be tested, as, for example, in react! v 
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For many years, owing to the valuable researches of Buchner, 
an inactivation by means of temjienmire of ,;» 30 regno iM 

as practically a specific criterion for the alexins. We now know, 
however, that no general rule can be formulated in this Pvjierf (Hi 
the one hand there are complements which are not at all influenred by 
the customary half-hour’s heating to h?k(\ tthertiaeUnhl*' mmple- 
merits), and on the other there are amlwieeptor.* whi^h tit** rutu* 
pletely destroyed by such heating. A complement I* longing to the 
first category was first described by Khrlich and M**rf.p in m! h 1 a« 
occurring in considerable amount in normal goat M*rum and in tie* 
serum of a buck which had bmi immimi/ed with v beep » eiutu; and 
therinolabilc! umlwiceptors, cs[>eriiiliy in normal sera. are i»M a! all 
rare. Thus the amtioeeptnr alarm* mentioned regularly m 

horse serum and acting on guinea-pig blood, m well a<» opr *fudg'd 
by Sachs 2 present in dog serum find also acting on guinea pig hb**l 4 
is completely destroyed by luilf uti hour’s heating to *W C, !hn»«* 
the first rule in the demonstration of the romplev charneler of turns#* 
lytic poisons by thermogenic inactivation is always to etuplnv the 
lowest temperature* at whicli inactivation trike# place within a *hurl 
time ( 20-00 minutes ). 11 

VL The Quantitative Butlmatlon of 

and E#eept#F». 

In special cmw, e,g» during the emir*** of m mmmtmmMmm, 

it is of considerable value to amimtcly <letmttitt<* the amount# «f 
amboceptor and complement jircwil in the rnmrn* While rrferriftjt 

to the studies of v. Ihmgern (p. 30 ), fliillcirli CL<b \h>rm*nmth and 

Sadia (pp. 220 and 250), we should like to mnphmm* that, m general, 

in determining tho amount of complemimt it m tmvmmry fit itialt 
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Finally, in studying the complements of a serum it is often of 
considerable importance to determine their plurality. The methods 
leading to a differentiation of the separate complements have been 
described in detail in a number of places, so that we can here con¬ 
tent ourselves by referring to the studies of Ehrlich and Morgenroth 
(pages 11-56, 110), of Ehrlich and Sachs (page 195), and of Marshall 
and Morgenroth (page 222). 

VII. The Study of Antihaemolytic Actions. 

The subject of antihaemolytic functions, which has only recently 
been carefully worked up, has attained considerable importance 
for the comprehension of the mechanism of hsemolysins. Although 
at the present time the study of the influences inhibiting haemolysis 
is not at all complete, it is possible at least to indicate certain gen¬ 
eral principles. 

We shall begin with the simple hsemotoxins, which are character¬ 
ized by a cytophile haptophore group and a zymotoxic group. 
(Analogous to these are the hsemagglutinins, also characterized by 
a cytophile haptophore group and an agglutinating group.) If we 
analyze the action of these hsemotoxins, we see that this can be inhib¬ 
ited in two ways: 

(1) By means of an antibody which fits into the haptophore 
group and so deflects this from the receptor of the cell. 

(2) By means of substances which are capable of occupying 
the receptor of the blood-cell and so block this for the entrance of 
the hsemo toxin. 

So far as the first group is concerned, such antibodies are well 
known for a large number of blood poisons. We need only call to 
mind the antihsemolysins, such as anticrotin, antitetanolysin, anti- 
staphylolysin, antibodies against the haemolytic venoms of snakes, 
spiders, and toads. Besides these there are the antiagglutinins, such 
as antiricin, antiabrin, anticrotin. These substances can be produced 
as antitoxins by means of immunization, but they also occur in 
normal serum, as, for example, antitetanolysin in horse serum (Ehrlich), 
antistaphylolysin in serum from goats, man, and horse (M. Neisser 
and Wechsberg). 

The second method of inhibition is effected by substances which 
occupy the receptors of the cells. Hence these must be substances 
which possess the same haptophore group as the hsemotoxins them- 
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the antibody belongs to this group as follows: The red blood-cells 
are treated with a just neutral mixture of hsemotoxin and antibody 
and then centrifuged. If there was a true deflection of the poison, 
these cells must now behave exactly like fresh blood-cells; above 
all they must still possess exactly the original binding capacity for 
the haemotoxin. 

In contrast to this behavior, the disturbance caused by trans¬ 
formation products of the haemolysin itself manifests itself even 
in experiments made only with blood-cells and the toxic substance. 
The experimental series has an irregular course analogous to Shiga's 
experiments with agglutinins. For example, if increasing amounts 
of agglutinating serum which has previously been heated are added 
to dysentery bacilli, one can observe that the test-tubes containing 
the largest amount of agglutinins show no agglutination; and that 
agglutination shows itself only in the tubes containing smaller amounts 
and disappears again with still smaller quantities. 

In order to show that in this case there is no real occupation 
of the receptors by the proagglutinoid, one tests the behavior of the 
centrifuged bacteria. These are suspended in salt solution, and 
again mixed with what is otherwise an effective dose of agglutinin. 
They are no longer agglutinated because the agglutinin cannot com¬ 
bine with the blocked receptors. We do not doubt at all that this 
phenomenon will also be found in hemagglutinins. 

The conditions are far more complicated with the complex hae- 
molysins, the possibilities for the inhibitory mechanism being more 
numerous. It may, therefore, be well to aid our analysis by means 
of a diagram (see opposite). 

The diagram refers to experiments made with mixtures which 
do not hy themselves dissolve blood-cells, and whose composition 
must first be accurately determined quantitatively. One next devises 
a hemolytic combination in which amboceptor and complement are 
present in exact equivalence and determines the amount of the anti¬ 
body in question which will just inhibit the action of this combina¬ 
tion. By means of this exactly balanced mixture experiments by 
the centrifuge method are made both with the sediments and 
with the decanted portions as shown in the diagram. 1 


1 This method refers to cases I, III, and IV of the scheme, while case II 
refers to an experiment made ■with ordinary complementoid serum obtained by 
heating. 
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In studying the sediments the qtm fion i * abs.r, mls ? h*r f ' * *’ 
have taken up amboceptor nr not, The- i up* t * 4 ■ ■ m ,* 1 I 

by the addition of complement This pror* »im»\ l ( >e * 0 , X * i 

be supplemented by the more difficult and f mulX mii« ,ip » e * » > ■" 
of the binding power of the blood-colb for m*mh i » r <e <•- , - •* 

In this ease*, of course, a parallel le t with uMna** <s 1 i* f - I / 
nishes the basis for comparison. As a 1 ul** e%p*i uu* ? * e ** • ee 
temperatures suffice; only in rase II is a viruition *4 1 * m < o*' 

required. 

In easel the complement is deflected fiv tnerin of an no v * *m la¬ 
ment. One must take into consideration Uiih mPnnd m tr mj,- 
plements and those artifieiallv produced bv iminum/atfon, I oO *t 
more, attention must, be paid to *iimlar!y uetmg o* m ^ *4 the 

amboceptors, the amboceptor.*, who. e r*»inpb in**ef« .jAd? I t; 

been preserved, 1 The behavior of flic ambo* vj » * * * * v m 

those cases in which the affinity of the *ompbiM iPopb*^ of 

these amlx>eeptoidH has become mrren ed, vk *11 m 1,0 w e» 4#/b: 
that of the antieomplemeuO, I inallv we um-t tettsfob-*! the 
amboceptors can act in a may like aiifirofopleiprfp - a t* **t of 
the deflection of complements by e\rr>.,-. of * j- f o?, ;# e<j< 

first described by Keizer and WYrleUug < >*t j ,*!*» fjr Is* 
case, of course, the decanted fluid roufintr* flit* ev* «4 04 * 

and the complement Isitind to the 

II. In case II the complement ophde gump of the rm pto* * 4 > 
blocked. Here we must first con ider Hie inieoi <*f «oftq e 

(see Ehrlich and Sachs, page 20*1?, although, a* * ouhng fo <.or p*« 4 n% 
ex{K!riences f these onlv seldom into play r m the bama 

tion of complementoid, fhere is mnnllvn of afbnil v 

III. The third itfissibilif v is the ml?on of ;«n*n«nd#M v<L**h 

fit into the eyfophile group of the nmUwpun + TL"> wa*, V 
present normally or produced arfifHalJv !•> iiatmt* <rjfjon I imi» 
a theoretical stuiMljioiiit lbe%e antmmlwe^'pfoj/ i,ic to u- oj* M 4 fn*i 
with the receptors of the cells into mfirfi thr fp, 

thrust-off receptors present jii solution mill ;pt 0.* fllA) f Jfd *q Inifn $ 
According to recent investigations tls« # ?ert«ii 
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No. 32. 
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By Professor M. N’kihkmi, Meintw •>( rl»«* lre*titnie. 

In order to measure (he bactericidal ]«nver of n >* nmi or of 
Romm mixture by means of a test-tube exjieriuu nt, the j-Jn’e »<«- 
(Neisser, Buchner) is still the safest. Only in j-pct-ud nr*-, « »j< .»?,»- 
obtain useful comparative result*. bv other method" o>|,- 4 r -op, 
hanging drop* for the onset of granular dcgencratem, It f'hjfT.-r 
or bioscopic method, M. Xeis.-erattd WedebergBut *■%» n ?},. 
method at present is cumbersome and, a bat v- of more »jn* o< 
is not applicable in all cases. If is not a sen*itne method ;■,»;<! ?•. oi.p, 
then useful when marked results are to !*• e\j»ert«d j i. n..- 

of strong bactericidal jsnver*. As a rule smb marled re,nit’ ntr 
only to lie attained with immune sera ami only randy v,jth norm;*! 
sera. 

Ho far as immunisntim in ennemad it j* to male 

general statements, and I shall therefore only * it,- « few r t 

Thus in the caw* of ehlorea vibrio* a single Mibctitan*o»i> mj<» i 4 «,n 
of three dead agar culture* into rabbit* give* good re«<d!.» r|{ |'f. »tf. r 
and Marx 2 ), ns does also the intravenous injection of evtrmedv mhiiII 
quantities (Mertens, It. PfeifferIn inmmm/mg against »>pho«d, 
dogs and goats are most useful. In this w a *mgle uig.tjon ,»{ 
dead cultures does not, stdlice in order to obtain a high grade bar, 
tericidal serum; on the contrary rr|**»n*l injections of Ining ».»b 
teres are necessary. For obtaining a serum having strong bar. 
tericidal properties against Shiga’s dy*enfrrv bacilli, h*»r*r» are well 
adapted; goats very much less so; rabbits and guinea-pig* are very* 


* Munch, rued. W«**hwi*rh, limn, So. 37, 

* Zeitsehr. f. Hygiene, XXVII, I Mat, 

* Deutscim med, Wnt<ls<n»rh, JM)|. 

Ml 








TECHNIQUE OF BACTERICIDAL TEST-TUBE EXPERIMENTS. 349 

ill-suited for this purpose. One should, of course, never forget 
to examine the normal serum for bactericidal powers previous to 
immunization. 

With a great many bacteria it has not yet been possible to pro¬ 
duce a serum bactericidal in vitro. Thus our experiments in this 
•direction extending over many years were unsuccessful with staphy¬ 
lococcus pyogenes aureus (goat, rabbit) and with the diphtheria 
bacillus. Nor have we been able thus far to obtain bactericidal 
effects in vitro from Susserin and other similar sera which are effective 
in animal tests. The reasons for this behavior are not yet clear, 
and they are therefore still being studied. 

Bordet and Gengou have devised a method (Annales de Flnstitut 
Pasteur 1901) by the aid of which a bactericidal interbody pro¬ 
duced by immunization can be recognized even in those cases in 
which plate experiments fail (e.g. erysipelas of swine). This method 
depends on the property, said to be possessed by bacteria to which 
interbody has been supplied, of combining also with haemolytic com¬ 
plements. This loss of complement, which can be readily detected, 
shows that the bacteria have combined with a bactericidal inter¬ 
body. Without entering into the theoretical significance of this 
interesting experiment we shall content ourselves by saying that 
in several cases in which we tested bactericidal immune sera in this 
way we failed to obtain satisfactory results. The method does not 
seem to us to be suited to a quantitative estimation of an immune 
serum. 

It need hardly be said that the first requisite for the success of 
bactericidal experiments is that all vessels, diluting fluids, as well 
as the sera employed be absolutely sterile. Great care is necessary, 
•especially in collecting the blood. The method described in the 
preceding chapter for bleeding rabbits and guinea-pigs is sufficient 
to obtain sterile blood. For collecting smaller quantities of blood 
from the ear vein of rabbits it is necessary to first cleanse the ear 
with 70% alcohol and then thrusting a short sterile hollow needle 
into a vein. In many cases, to be sure, the blood can also be col¬ 
lected by making a short incision across the marginal ear vein with 
a sterile scalpel, and then, by holding the animal properly, allowing 
the blood to flow out without running over the ear. 

In bleeding pigeons and chickens by decapitation one cannot 
always count on sterile serum; hence it is well to lay bare the vessels 
of the neck. For repeated bleeding of guinea-pigs one must also 
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collect the blood direrily from Ili«* «*f th»- n*-M. and »h« n 

the vessel. It in mi easy !** *» i?aji *»?* m. ,» l ^ , 

of sterile* pigeon blood from the vune * * m Ie M i ^ *o » i i* •' 4 m* 

the* feathers, disinfecting flu* -Kin with ;<l*nu>u nnt a .i- 

touching the nkitt as little a po ml» 

For purposes of culleeting tie* « rim, d.»’ blood , * * ? ‘ *» . 1 

to Htiiiui overnight (see* tin* pivriditsr » h.ipn ? , m? ? , 1 - j 
. sterile? funned is allowed to flow into a u j J*< I#i^* !.o , * * < 

gluHH bemads or steel shu ving . 1 b* boM»» * i\ «t. - 4 ‘* 4,j ; 

a cork (previously bttmf edfu the blood d j * 1 *\ 
and them centrifuged. As n ruh\ * enti bug 2 p a« * m t # ^ ,!| 

serum, t‘speeklly If aftenvaid,* flu* up|* r la.o of tM u • , * *•*«•} 

ofT, For absolutely certain rTn H« moot m e * v 

of tile scrum m to bo preferred to deb hi»u d > < v f me >, • 
TIiC! active sera used for * on |dem« tiUiir nir m 1* * e M . 
fresh as possible, in 110 ease more than 1^0 03 thn * die > 'M m* M/ 1v 
a tor), The* immune sera, which an U'ualh *m,.j '» 4 m tc* 1 ♦ « * , ** 
state*, will keep in the* refrigerator for u long t-m I m, o v»-* 
however, a loss of power t* ob vt\ ed In !l.^ u * M h M ,m 
immune sera the* addition of !l#V s phi no! ,* d-e- Mi «ti-o t h 

tiom In the* small ejimntitie^ m ubuli tbo *<nin - no o * * : t r 
men is (aboiit 0,01 can) this amount *d j |i*nfi| ^bo n »tb , t 1 /Mr 
on the hnrteria or cm the routpletuent^. 

Before* romnienediiK the e\j*eriiiirn! prof^r if p in 

detimmine wdint amount wmn givr* the itve^t fin tint I «le fmiiJi*i-, 
Unis in many exf«*rifiieiits it tiaiy bt* of mhmtnm** to alwnii-'^ .«*%%:• 
1 /mq <-<*• C| f 11 uncMliiy Imuillnii riilttirin with nn«ifir.f bur* 

termin arming Vimw <»r Vtiwti N^p of n one^Jnv n$*#ir enliiire mill 
give mom unifomi r«. wilts. If m further t »in tr|«''niefil% 4 
ecmvitiec* cirnbs rndf tJuit tin* r«fitr«l plates regnlfirH n nnih»rtiily 
good growth, for only mdieti flint m flit* msr mn nmhmn r«wiSt.# I m 
experkd. For example, iiltlicniiSi the liiirilln# ml }«f*f r)»«|efi» 
very well on ordinary slinl, agar, the mnittA phi$*m mm rtwili 
most irregulnrly. In tlnit ease tme mn make tm* nf n-gar, 

Othe*r bficteria again tin nnt h«r mta|ienainft ill f! '' itiifi 
at all wall; in that «»«* «««• uw r«5»nr«^ ?>*„! 

the dilutions with bouillon insfwwl of with anil ’ll %v* i L?>»' 

tion ahould always la* tt«w»»*d m that thf* amount ftnally mm-n »« 
alwut WO drops, for in sowing only 1 or 3 «littjTS ntnsiili^iiliii* tstj*. 
tiom in the number of rolonios may orrur. In any «*««*, hom-fvrr, tlm 
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j . > , < . ’ . 1 .* 4 ! f, , I Jf* y <ii#4 »* f m, > m!> vM i ' 

| , , • ' - * < ' », \ , ; \ ' « l j ; - « > ’ i | ,a * I 1 I' . f * V 
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( j j 1 *> «u l* ' ‘ ^ ‘ 1 * * * * * **** ,i *. n^»l< |r *4 |lt||*I 
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• 4 * u < 4 *4 it «f llfif 

riiliiitr «rwf»rp|, # f«wffll|t4 trslitif lli *5 »lrfiiil| ut lll«’ f IliliWMllllfl 

Iiil 4 ««iiil «4 r|i«|fii#|#%I te i»|i*| llsifil, » rtiiilfwl, «f n nc^rim 

*4 «»iil 4 iiM|i|f Ifirriiiliifp |i|i» l|ii # urililfi in lift itiurfit# 

|«tin Ilf wwmm mI <Iii» I«#'l rfii#!f**I run mat 1 ^ « * In , if»n# / '^ nliln 

wiitiplriiiriiit i» jjfiwiti! «.# isiif Jl »I»*i itrfVr* It* plifiir I Ini! ilir Imrlrti* 
ii«|#tl «ri»#iii p ini! niirisiliil« ? «I 1*1 I hr ft§gl*iilniilifii jPi%trr «f llir 
"flif nt«« t»«iin fcfffti iii llir- i!«rf9fm«(i»i ftif nl Jifinl Uir* # p 

J u f* l##n 1 if# 1*4141 

till I «*f tin? ij|i 4 ftp«ln( iiir-f nrr iigi«iii rurrlnilf’ #li#ikpfi mnl tln^i 

y * < 1 I ifi *l/n | Hf| ««# \ ill ijftfft# Mm I III If I f ft i||| 

mr|t «»f llfllf«lflil I'fifvllw »ll«I fll»*l» ifltfi ill fit© 

«i*iial mmf' Thn |4»l» «f«* filatwl it* lli# i|i# t niif»lg4. (i|n*t*li* *l«mf» # 
®ii«l l #|4 until llir fc»ll«^iiii *lsy, Th^ gfwwtlt m luwt mrn\ 

l*y mnnn* «»f n 

irfp^ftp* m Minvpt 0 tif nlnttwl II. «l#nil lfll» iit*vrr»l litm* 
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should, and if a reduction of colonic* from an infinite runnier **r 

many thousands to 0 or very few fm:* necurrnl. I nith* mem- ’k* 
tost can only then he regarded a * haling a good remit if th** 
limitn of the amount of active serum lisne been reached, i» , v 1 * n 

the last platen again show an increase in the number of rumm*- 

A certain degree of control on the plate e%|*enii4*iif * , *d monrd 
in suitable ernes hy placing the Julies (from which a few dj**p «o-tc 
taken for sowing into plaits) into a tbriin<e!nt and oh mm/ * kuo 
the next day. In this can* the cult tin runtruV iDm a 
growth, while in the other te-M iib? ^depending on f!?«- mim*u! t <4 
serum, either a growth will wrur or om?, ThF tc-a nui *■ * t/en 
men!, of course, will only then dim* a n • nil if thi barm u* eiol 
I tower of the serum was large ennui h to loll even tlie la; ? rmh 
in the corresponding spi rirnens Hut if »’Uii tmh a frm w * 
remain alive (in eonm|Ue!iw\ for rvimpna of n rj*cu;d n -o Dim «'- t 
it will he found that the*e fi w, aft* r the hmlrte'id'i] * uh tarn 
are used up, will again multiply ennrmnn' ly, fi«m*e the fr» t tnl 
method cannot give reiki di mult « m :iiofe !*#*awi/ h;D»eat 
For the same reason if i* itnpu? inf, m making plate t«' *• to 
keep the tubes in the fIni turn!,it for n *criam ffifiemlb? brnc 
which must k* determined mpaiaieh for * a* h hm tennne fm / 
must 1 m home in mind tint the lulling *4 the keterm oMi 
represented liy a curve wkec lowest dowe«t tuiinDf «4 

living germs) must k* approximately jotamed i# marked utr 

desired. Either sale of Huh point, tinier the* isnnt hr If t|*r 
will he eorreH|ioiicliiigly Ihm. SinulJrr u 'UiN |,nw»uer, atr mmtj, 
less for all these cx|M*rimcifl>% a* v< M*en when a* rf*m>,drf fhitf 4 /pm 
tination, although it has m# little dirct-ify to fit# wPb l*v miv id:#i 
action, ia also aide to eau*e a dtcreme <n the tmtnk*? *4 u.joMe** * 4 # 
a plate and thus simulate a decrease m tk i/uol^r of #crm* 1 h*,* 
is one of the ration* why tla* control do. rni^l uDiir mil, 
serum, in whieh, of rciiirre, tin* agglufsmn dill pft^rnh i r ‘ mr 
portant. 

After the fresh nefive immmie ^nim hm ktti tedifl i«^ >« %\* 
hacterieidnl {wver one proreeds wifft the t*\mmmUun of tl^ ti#j#rti*%r 

immune semm jilns mmjdeinent, inmimittm m w-wtinphA^l in 
acconlimee with the prineiplm kid thmn m the j#rewlmg chapter 
For complement one vhtnmm fird the normal serurti «4 fhr 
fmrn whieli the immtme mum h 4rrm4, \ \m*\wmmv trkS «dl 
then be necessary to show what dowe of thin normal m*mm ran 
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employed without causing bactericidal action, by the normal serum 
itself. 

The dose of complement should be such that the plate containing 
only complement and the culture differs very little from the control 
of the culture sowing alone. Too large a quantity of complement 
should be avoided; certainly in no case should more than about 0.5 cc. 
complementing serum be used. The technique then is as follows: 
1.0, 0.3, 0.1, 0.03, 0.01 cc. of inactive immune serum are placed into 
a series of test-tubes; to each of these is then added the same amount 
of the complementing active normal serum (e.g. 0.3 cc.) and the 
bacterial culture. All of the tubes are then made up to the same 
amount (2 to 3 cc.) with physiological salt solution, and finally each 
tube receives three drops of bouillon. The controls in this case 
must be still more numerous. The sterility of each serum must be 
demonstrated, as well as the fact that the inactive immune serum by 
Itself and the active normal serum by itself are inert. 

The result of such an experiment is usually startling at first sight 
because the plates which had the largest amounts of immune serum 
show the largest number of colonies. One must therefore always 
bear in mind the deflection of complements in consequence of an 
excess of immune body. The paradoxical results caused by this 
deflection of complement is seen not only in the plates but also in 
the test-tube experiment. The various ways in which the comple¬ 
ment is deflected from its destination have already been discussed 
in a previous chapter. In bactericidal experiments the deflection 
caused by an excess of the amboceptors produced by immunization 
is especially important. In a mixture of bacteria, complements, and 
large amounts of amboceptor, the complement is bound not only by 
the amboceptors anchored to the bacteria but also in large measure 
by “ free ” amboceptors which are not anchored to bacteria. A 
portion of the anchored amboceptor therefore finds no complement 
at its disposal and is, therefore, unable to exert any bactericidal 
action. In this way there arises a relative lack of complement. 
This can occur especially if part of the amboceptors has become 
changed into an amboceptoid with increased affinity (Wechsberg, 1 
E. Neisser and Friedemann 2 ). In bactericidal experiments, how¬ 
ever, the cooperation of the amboceptoids has not yet been proved. 

The completion of amboceptors can be disturbed in another way. 


1 Wiener klin. Wochensch. 1902. 


2 Berl. klin. Wochensch. 1902. 
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Thus complement-diverting vr«>tij* pn » \i *«n ’ 1 ' 4 ' * 

the species in ipiest ion, and vs,!ijcfi moe ip n. *u* ou* *i * * * * ’ ^ * # 

through immunization, ina% hi* j m*‘« nf *<r um% b** ^ 1 m ’ ? ' ‘ 

inactivation (normal antlemnpli up nt’ , ». ’H *• p ¥ ■ i* • * > U 

arises, namely, wbother on** b dealing v. ith e d*’5h»*mg ? * * - ? 

vial sc ‘rum or u it h one produced In of.*/*-, * j * * 1 c 11 

be decided by the pre\ join m\e t niinji »d tie men ,) ** .m ; * u* 

animal in question, ;i> vu II a* in * ompan on \? »?b * ■ * H * 1 * v it < 

mal sera of the* same species 

In all of these eases lit nun er, the plat* v ob d * 1 * v« 4 s-i «,*r * 
of immune serum will dem fit li; t b.e’Vn* j*J d mO'O * 4 * j 

largest number of colonic* * I i*uit tie U h*lh *v r , K * *-s 1 «n *m 
in judging the bactericidal pover of a if tun i *4,1; i oe« t u « 
of immune serum tire tired for the b;m!ermTd h i • d * v *< o o * 
Thus in the beginning ue merl»*»J‘«d the high IreOjeelb o * t 
of a dysentery serum (Shiga f. for tin became* iiisud* * ^ob 4 b n * 
we employed doses of (MhJo iiumuoo siuin and >? ,11 1* * 

The deflection of complement j?sbf inefif ioii» 4 h\ m» s, * •-* m * <■> 
captor# produced by ititiiitini/afion tor 1 a mulct* > t 0*4 | * tv 4 

of another method of testing by which ub« the «* runi * an 4 "be.** 
to be n specific immune o*rutn. In* flu pm|*o«o on* o’# .m e*o» 
normal serum bactericidal in itself or a o| mm to ** m nm*<* 

serum and a complem* nf, Jiv mean* of n pfrlioofam ^ 
clcdennines tin* nmount of H*mtn ter i^rnui lomns* ^he L u ly 

kills the amount of eulture soiirn In f ueh a do^* ^ ?am or 
serum mixture (hactericidnl in ito If c df‘cr*aeune of m* 

active immune w»rum iin* added* iihen it ^ 4 ill nm.dJv bi bcmel tb,il 
the phenomenon of deflection of complement nguin I1 a« 

manifests itsedf by tht» fact tli.it the plni^ aitti ihr lair^o r nun*mt% 
of immune serum show 11 larger iiniitlift of m»| mun^, its t#f 

thi»e clecreiwing in prujiortiufi with the amount of nomniw petoiti 
added. 

In order to interpret ftie results of thr plat#* u^\m kl 

is first necessary hi Is* Mire %vhi*ther one p *le;*hnf miih a m»torally 
preexisting ihdlecting tasly or with om* postu *M lo iifituusyUMf»oi* 
(»te nfsive)* By means of lomhiumg c%j»rtiiiirfift n imeo 
!m sliown whether the deflect ion h emce*l by ftttiW'ept^fv of 
eeptoids* It is not difficult, by binding ftmin to the 1 
bacteria, to remove the amkieeptor** prt^birwf by smummr.ibon. 
In most eastm the addition of 11 moderate iiinwiint of f^itiefin mm*' 
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XXXI. TIIK PRORKRTY «*f TUI I RR \IX To 
NKLITRALIZK TKTANI S T«»Xf\.‘ 

By I>r. K. Makx, Measlier *4 iIip ln*t!iiiiir 

Wahkkrmann unci TuknkiV fJ eotttmum*« f ‘fa ho** 4 at if h 
possible hy means of normal Brain Mdetanr** u* *l» * u .* if ** u *> v ,« ey 
of tetanus toxin, or rvoi, in Mtifitble «!**■*♦ • to ro?n« U te oH d;;v *?, 
wan undoubtedly of groat theoretical mi4 pr-e te .4 * enoindon 
Their statement was confirmed l#y mam ddh ** so 
Ransom, 3 MetclmikofT, 4 Matin/* lilnuiruthuh*' \fd»bm>r '♦ lhi,» ,• * 
Zupnik,® anil others, Then* e\j*H'sm* nt*> a* t# b*, 11,^ *», 

mann and Takaki m u test for fho mrin in* /* of # o*- ^ ;d« * Las 4 * f 
according to which the cells, Mr<eej*f ible to ffa* j*n<otj, * *•* *<•< «'j»» 

tors which anchor the name. llicv argu* d, if the tb**m % f u * of* 
rect, that the braki-rells which in vho 3fo * Jtf *M« to ff;» <*#f 
should also bo capable. at leant in flu- fjvdi , to 4 'S f 4« 
in vitro, he,, it should he (sou ihlc to fa fprahr*" <4 o 

poison with brain stilisiiifirr, A* b %%#4) ft*- *< *4 *be 

experiments agreed with the theoretical pr»um^^ th* % vote >#i 
interpreted by Wnm*rnmtm. 

This interpretation mm first dirtied l*v Meirhmhoflf, |f<» ,v> *%, 5| 

as Marie had refloated \Va*>*ortu;int**'* r%f«*rifi» n? rmd * on* #4^4 

1 lit print from the %eit*ch. t, Hygiene tied 1 1 1 in 

1902. 

8 BtrL kiln, Woeheiifcrln 

9 Deutiwh. med, Wocheit*eh. f«pi # Xo„ 1$ fr*»inmtittirj»t««| v, IMirfog). 

* Annul** cle riwHfit. Pitutcur, tKUK, ftp* Mf asml 2m, 

* ibid # mm, \> t iti. 

* Dtmlneh. mod, \Vtw\mm«\u \HPi, X«, 12* 

f Ibid., 1H0H, Mo. Hi 

9 Annate* do fliwtlt, Pasteur, IKfit, 

* Pragar wied. W«lien«rio WW» Xtn, 14 iifid II, 
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TETANUS TOXIN NEUTRALIZED BY BRAIN SUBSTANCE. 357 

their correctness, but on the basis of further experiments made by 
Marie, Metchnikoff was led to another interpretation of the results. 
Marie found that when poison and brain substance were injected 
separately, even large amounts of brain substance did not exert 
any protection. Metchnikoff, therefore, did not believe in any neu¬ 
tralization of poison by the brain substanc in vitro. He saw the 
cause of the apparent neutralization in mixtures of tetanus poison 
and brain substance in the leucocyte-attracting power of the brain 
substance injected with the poison. According to him the leuco¬ 
cytes were the agents which destroyed the poison, and the brain 
substance only the means for attracting these. 

It is hardly within my province to subject these experiments 
to a thorough criticism; that must be left to those directly interested. 
I should, however, like to mention two points which appear to me 
not to be sufficiently regarded. First, it must be remembered that 
with a dissolved antitoxin the success in neutralization on mixing 
antitoxin and poison in vitro is considerably higher than the thera¬ 
peutic success which the same dose attains in an animal. In the 
above experiments there is added to this the fact that we are not 
dealing with a dissolved antitoxin. On the contrary, the poison¬ 
neutralizing power is exerted by a mass which, from experience, we 
know is absorbed with great difficulty. 

Subsequently v. Behring, as a result of his combining experi¬ 
ments with brain substance, expressed doubts as to the correctness 
of Wassermann ; s explanation, without, however, positively taking 
either one side or the other. Basing his reasons on the experiments 
of Kitashima, v. Behring 1 stated his views as follows: 

“ If an emulsion of fresh brain substance from a guinea-pig is 
mixed with a certain dose of tetanus poison, a dose whose power is 
exactly known, it will be found that with small amounts the poison 
will completely lose its poisonous property; with larger amounts 
there is a distinct decrease of this property. One would now sup¬ 
pose that large amounts of poison, whose poisonous property has 
been decreased by means of brain emulsion, would require less anti¬ 
toxin for their neutralization than before the addition of the brain 
emulsion. But this is by no means always the case. In the experi¬ 
ment— 


1 v. Behring, Allgemeine Therapie der Infections-Krankheiten, Part I, 
p. 1033. 
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0,(M)S re, ]K>iiHuii solution No. 3, 

0.2 re, brain emulsion; 
one hour Inter; 

ViiMf antitoxin unit - 

wc not only found no exrem of nnfifiniii, 1ml f*tin»*I thnt tin* injec¬ 
tion of Hiudt a mixture into mint mused death l#y friiifii!?#..' s 

The result of thin experiment l«nl v. Behring to nmrhulr that 
further Htudy of the* poisotimeittntlkiia$c j»ower *4 imiftefepig Brain 

would probably deride tin? <|U«*Mson in favor of MetchiukofT* 
m outlined above. A subsequent Minlv from % Itrhruuf* 
iute demonstrates! thnt n union evidently fairs fdnre when hung 
brain and tetanus poison route together. 

Ransom 1 «tudk*d the condition** found in I hr Hibatar bleu I "joe «* 
after injections of tetanus jnii^in nr U'Umw* an1® **oubl 
lead us too fur to recapitulate fhe-i bnllpiiit # \\* ran* -ip4 I 
shall, therefore, content luyvrlf by qnof mg I Luc «.n/r, t «*m Smuofu 
which are m follows: 

11 These exjieriiiiertfs strongly cormt morale thr rr^utejnfi.nl 
tetanus antitoxin in bound in the central nerwf * ,4rin, th» y a bo 
Indicate that this union tale* phre MmaoU.xf pmdvdh 

There is surely no objection to mir placing tb« *•**!* tom-nt a 
on the living; brain parallel with filter made on the bra4* tl 
would be incomprehensible for a brain, rn«o**4 %i »uer b>*m a 
freshly killed animal, to be different in ?c* profcm of binding u 
poison from what it was a few pn^ ?oudy in the So mg amumij, 

i had just begun u *4nd> in the* mUs?uN< doelmg w*t!> ih#** 
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COLLECTED STUDIES IN IMMUNITY. 


The Material Employed, and its Preparation. 

In these experiments a great deal depends on the manner in which 
the brain emulsion is prepared. We shall therefore again describe 
the method in detail, although Wassermann and Takaki did so when 
they reported their experiments. 

Each guinea-pig brain was thoroughly mixed with 10 cc. 0.85% 
salt solution. In order to obtain uniform and good results it is neces¬ 
sary that the emulsion be as fine as possible. For this purpose the 
brain substance was crushed and the salt solution added, at first drop 
by drop, until a fine uniform emulsion resulted. It is well instead of 
using a mortar to use conical glasses, such as are employed at the 
Rabies Inoculation Stations for preparing the fine cord emulsions for 
injections. These conical glasses are about 10 cm. high and taper 
not to a point, but to a hemispherical surface into which a ground- 
glass pestle fits. 1 This very fine emulsion is then forced through 
Herzberg funnels, such as are used in testing paper. If the emulsion 
is forced through the finest of these, fitted with wire-gauze with the 
smallest mesh obtainable, it will be found that the emulsion is actually 
free from macroscopically coarse particles. 

The poison I employed was a tetanus toxin preserved in the 
institute for diagnostic purposes. This poison, I may add, owing 
to the special method of preparation, differed from Behring's test 
poisons (at least from those which can be obtained in the market) 
in being free from spores. This fact may perhaps not be without 
significance, for, under the conditions which here obtain, a development 
of the spores with consequent production of poison in the animal can¬ 
not be denied offhand. 

This possibility must surely often be counted on. It was for this 
reason that Ehrlich long ago allowed only such tetanus poisons as 
were freed as much as possible from spores to be used for testing, 
and for exact experimental studies. I shall soon publish an account 
of the peculiarities of the procedure used in this institute for obtaining 
such poisons, and also describe a method for preserving tetanus poison 
permanently, which we have found very useful. 

The antitoxin used was also that preserved for testing purposes. 
1 grm. contains 100 A. E. Behring. 


These can be obtained from F. and M. Lautenschlager, Berlin, N. 
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Method^ of Making the Experiments. 

The method employed followed exactly in principle that em¬ 
ployed by Kitashima. A 1 to 400 dilution of the normal solution 
of the poison was prepared. To each cubic centimeter of this, which 
represents forty times the fatal dose for a mouse of 15 grin., the 
desired number of doses of brain emulsion, or of a 1:10 dilution of 
this emulsion was added, the fluid made up to 2.5 cc. by the addition 
of 0.85% NaCl solution, and the mixture thoroughly shaken. At 
the end of an hour 0.5 cc. of the dilutions of serum in question were 
added and after once more thoroughly shaking, ^-cc. doses of this, 
mixture were injected subcutaneously into white mice weighing 15 grim 
It may be mentioned that in the controls containing only brain and 
poison the procedure was exactly the same except that 0.5 cc. NaCl 
solution were added at the end of the hour instead of 0.5 cc. serum. 
The control containing only poison and serum was treated in exactly 
the same manner and was injected in the usual way after the anti¬ 
toxin had been allowed to act in the toxin for thirty minutes. It 
may be added that no appreciable difference was observed if the 
mixture of poison -fbrain 4-serum was injected directly after the 
addition of the serum or if the serum was allowed to act on the brain 
4-poison mixture for half an hour. 

Results of the Experiments. 

My results, obtained from over two hundred experiments on 
mice, do not furnish the slightest ground for assuming that the phe¬ 
nomenon found by Kitashima is the rule. On the contrary, from 
my experiments I can positively conclude that there is always a 
summation of the poison-neutralizing action of the brain and anti¬ 
toxin; furthermore that there is never any interference with the 
’antitoxic action of the serum -as a result of the previous action of 
the brain on the tetanus poison. This fact was constantly observed, 
no matter whether large or very small doses were employed. The 
series of tests with brain emulsions, as well as those with brain and 
poison alone without serum, do not, to be sure, proceed as smoothly 
as those with poison+serum; however, this is not at all surprising; 
on the contrary, it is quite natural that the particles suspended in 
the emulsion, even if they are very fine, cannot produce as uniform 
effects as a solution of antitoxin. 
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All of these experiments show that the mice which received only 
toxin and brain died, whereas additions of antitoxin as did not by 
themselves suffice to neutralize the dose of poison were able to save 
the animals which received the doses of brain emulsion. Hence 
the action of the brain doses (which by themselves do not protect) 
adds itself to that of non-protecting doses of antitoxin and so forms 
a protective dose. 


Resume. 

1. The neutralizing effect possessed by guinea-pig brain on tetanus 
toxin is supplemented by that of antitoxin when these are allowed to 
act on the poison in vitro. 

2. From this one can conclude that this neutralizing effect of guinea- 
pig brain on tetanus toxin and that of the antitoxin can be regarded 
as equivalent properties . 




XXXII. THE PROTECTIVE SUBSTANCES OF THE 

BLOOD. 1 


By Professor Dr. P. Ehrlich. 

More than ten years have passed since the studies of Fliigge 
and of Buchner and of their pupils directed attention to the bac¬ 
tericidal substances present in normal blood serum and their rela¬ 
tion to natural immunity. Buchner especially assumed -that the 
serum of each animal species contained a simple definite protective 
body, the alexin, which was able to kill off foreign cells, especially 
bacteria and the blood-cells of other species; that this acts some¬ 
what after the manner of a proteolytic ferment and leaves the cell 
elements of its own species unscathed. The recent development 
of the doctrine of immunity, inaugurated by v. Behring's discovery 
of antitoxin, has also shed considerable light on the nature of pro¬ 
tective bodies preformed normally, so that it now seems advisable 
to subject the mutual relations existing between these to a closer 
analysis. 

There can hardly be any doubt that, in accordance with the 
principle enunciated by Virchow for the relation existing between 
cell physiology and cell pathology, the normal protective substances, 
are subject to the same developmental laws as the artificially pro¬ 
duced antitoxic and bactericidal substances. It is obvious that 
with the artificially produced protective substances, especially with 
the antitoxins, it will be far easier to gain an insight into the mechan¬ 
ism of their development, for in this case one possesses not only 
the exciting agent (as, for example, the toxin), but also the resulting 
specific product (the specific antitoxin), making it possible to study 
their mutual chemical relations. 

1 Address delivered in the general session of the 73d Congress of German 
Naturalists and Physicians, Hamburg, Sept. 25, 1901. (Reprinted from the 
Deutsche med. Wochenschrift 1901, Nos. 51 and 52.) 
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This, however, is not possible in the case of the substances natu¬ 
rally present, and, considering the complicated chemistry of the 
living organism, we shall probably long continue to be ignorant 
of the substances which act as the physiological excitants. 

Hence it is not a mere coincidence that the attempt to formu¬ 
late a theory for the development of the protective substances suc¬ 
ceeded first # in connection with those artificially produced. This is 
now well known as the side-chain or receptor theory. According 
to my view this theory is also of the highest significance for the con¬ 
ception of the nature of the alexins. I shall, however, first outline 
my views on this subject as they are applied to the formation of 
antitoxin, as this is comparatively the simplest to study. 

There were, as you all know, chiefly two views concerning the 
formation of antitoxin, namely, the hypothetical metamorphosis of 
toxin into antitoxin, and the secretion theory, which approaches 
somewhat the side-chain standpoint. The former was based on 
the observation that the antitoxin excited by a certain toxin acts 
only against just this toxin and against no other. This specific 
action is such a conspicuous phenomenon that it was at first believed 
that the intimate relation of toxin to antitoxin could only be explained 
by assuming the toxin itself to be the mother substance of the anti¬ 
toxin. So even to this day, Buchner maintains the view that the 
antitoxins and related substances do not correspond to preformed 
or even wholly newly formed constituents of the organism, but that 
they are non-poisonous transformation products of the substances 
introduced for purposes of immunization. In this case, therefore, 
the relationship of antibody to the substances exciting its produc¬ 
tion would be due to a similarity of the two components. In other 
words, there would be no antagonism such as exists between acid and 
base, but an attraction of like to like, as is seen, for example, in poly¬ 
merization, in the attraction of crystallization, or in the structure 
of starch granules. 

Against this I should like to point out that this assumption can¬ 
not apply even from a purely chemical standpoint because the 
processes advanced as analogous occur in concentrated solutions, 
while neutralization of toxin and antitoxin takes place in extremely 
dilute solutions. 

The biological conditions, however, constitute the most serious 
objection to the assumption of a transformation of toxin into anti¬ 
toxin. First comes the enormous difference in quantity which may 
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There is one fact, however, by which the transformation hypothesis- 
is especially refuted, namely, that antitoxins can occur in the blood 
of normal individuals. Thus diphtheria antitoxin is found in the 
blood of horses in about 20-30% of the animals examined, although 
diphtheria infection is surely a rare exception with these animals. 
Horse serum furthermore contains antibodies against one of the poisons 
produced by tetanus bacilli, tetanolysin, but not against the tetanizing 
poison of the same bacilli, the tetanospasmin, although the immune 
serum artificially produced contains both antibodies. 

Just these observations, which can easily be extended, show that 
even the normal organism can produce true antitoxins without the 
intervention of the corresponding bacterial substances. Hence these 
antibodies cannot be transformation products of the poisons injected, 
but are products of normal cell activity. The explanation especially 
of these normal processes constitutes one of the chief points in the side- 
chain theory. 

This theory is based primarily on a thorough analysis of the 
relations between toxin and antitoxin. It was found, by means of 
test-tube experiments with ricin and related bodies which act on red 
blood-cells, that it was extremely probable that toxin and antitoxin 
act chemically directly on each other, forming a new innocuous com¬ 
bination. It was now necessary to study the neutralization of these 
two substances in all directions in great detail. For this purpose I 
chose diphtheria toxin and antitoxin, because the guinea-pig organism, 
furnishes such a uniform test object for this poison that exact quan¬ 
titative determinations, such as are used in physics and chemistry,, 
are attainable in animal experiments. The limit of error in the titra¬ 
tion of diphtheria serum titrations is not more than 1%, surely an 
astonishing result if we consider that we are dealing with substances- 
which chemically as yet are entirely unknown. 

The results which I obtained in the earlier years of my investiga¬ 
tions were really very discouraging, for they seemed to present an 
insurmountable obstacle for the chemical conception. In chemical 1 
processes when two substances unite to form a third substance, 
in accordance with the laws of stoichiometry, we must insist that these 
components act on one another in definite equivalent proportions. 
In the action of diphtheria antitoxin or toxin, however, this law 
seemed to be utterly disregarded. Thus in twelve different toxic 
bouillons I first determined the quantity which was neutralized by a 
constant amount of antitoxin; in certain instances by the official 
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standard unit of antitoxin. The figures thus obtained, as was to be 
expected, varied greatly: in one case the antitoxin unit neutralized 
0.25 cc. toxic bouillon, in another case 1.5 cc. This is not in the least 
surprising, for it is well known that the amount of poison given off by 
the bacteria to the medium depends on the strain of the bacilli, on 
the preparation of the bouillon, etc., so that strong poisons and weak 
poisons arise. But, assuming that the toxin molecule follows chemical 
laws in its union with antitoxin, it was to be expected that in the 
different poisons the amounts neutralized by 11.E. (Immun Einheit= 
Immune Unit), and designated as Lo, would contain equal amounts 
•of true poison, or in other words that the various poisons which differ 
in their L 0 doses represent nothing more than more or less concentrated 
solutions of the same toxic substance. The amount of poison con¬ 
tained in a solution is measured in poison units, i.e., that amount of 
toxic bouillon which just suffices to kill a guinea-pig weighing 250 grm. 
in four days. Thus if in a certain poison A we find the amount neu¬ 
tralized by 1 antitoxic unit, i.e., the L 0 dose, to be 1 cc., and if we 
further find that 0.01 cc. of the same poison suffices to kill a guinea-pig, 
we say that in this poison the L 0 dose represents 100 poison units. 
In accordance with the law of equivalent proportions we should have 
expected that the L 0 dose of the various poisons would contain the 
.same number of poison units. As a matter of fact, however, the result 
was quite the reverse, for we found that the number of poison units 
contained in L 0 varied from a minimum of 10 units to a maximum 
of 150. According to the view held at that time that the antitoxin 
was bound only by the toxin, this wide divergence from the laws of 
equivalence could not help but cause the assumption that the 
relations existing between these two opposing substances were other 
than purely chemical ones. 

Finally by employing a method of study which has proved of 
considerable value in scientific investigations, namejy, the genetic 
method, I succeeded in getting some light on this subject. Follow¬ 
ing this 1 subjected one and the same toxic bouillon to comparative 
tests at different times. I may be permitted to demonstrate this by 
means of a simple schematic example. In a freshly made poison 
we find that the quantity which is neutralized by 1 I. E., in other 
words the Lq dose, amounts to 1 cc., and that this contains 100 poison 
units. If the same poison is examined at the end of about six months, 
it is found that the L 0 dose is the same, but that this contains only 
<50, i.e., half the number of toxic doses. Tha,t is to say, the toxic 
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bouillon still possesses the original neutralizing power but a weaker 
toxic action. Hence toxic action on an animal and combining power 
for antitoxin must be two different functions, the former remaining 
constant and the latter decreasing. 

If we regard these conditions from the chemical standpoint, we 
^hall see that they are most readily explained by assuming that the 
toxin molecule produced by the diphtheria bacilli contains two dif¬ 
ferent groups, of which one, termed the haptophore group, effects 
t he union with antitoxin, while the other, the toxophore group, 
represents the actual cause of the toxicity. These two groups also 
differ in their stability, for the toxophore group is very unstable, 
the haptophore group far more stable. Modified poisons in which 
there has been a destruction of the toxophore group while the hap- 
topi lore group has been preserved, and which have therefore com¬ 
pletely lost their toxic action, are called “toxoids.” 

The presence of such toxoids fully explains the apparent devia- 
t ions from the laws of equivalence which are observed in neutralizing 
tents with toxin and antitoxin. This furnishes new and, to my mind, 
incontrovertible proof for the chemical view of the process of neutral¬ 
ization. 

In diphtheria poison at least, for reasons into which I cannot 
Iiere enter, it seems that the affinity of the haptophore group of the 
toxoid, molecule for the antitoxin is exactly the same as that of the 
unchanged toxin. This indicates that the two functionating groups 
of the toxin molecule possess a certain degree of independence. 1 
have tried further by means of refined investigating methods, such 
as partial neutralizations, to extend the views concerning the con¬ 
stitution of the poison molecule. My observations, so far as the 
facts are concerned, have been completely confirmed from various 
sources. Mention should be made especially of the excellent study 
<»t Madsen on diphtheria toxin and tetanus toxin, and of the inter- 
* anting; experiments recently published by Jacoby on ricin and its 
toxoids. 

In studying the two groups of the poison molecule, we are con¬ 
cerned not only with a satisfactory explanation for the process of 
neutralization. The presence of these groups gives us an insight 
I K>th into the nature of the poisoning and the origin of the antitoxin. 

So far as this last point is concerned, two facts in particular 
Indicate that the haptophore group takes a leading part in the 
immunity reaction in the organism, viz., (1) the observation that 
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These explanations will suffice to show that the term assimila- 
bility, as I employ it, is restricted somewhat more than is customary, 
for I reserve it exclusively for the specific nutritive substances of the 
living protoplasm. According to this view the process of cell assimila¬ 
tions is a synthetic one which presupposes the presence of two groups 
effecting the synthesis and having a strong chemical affinity for each 
other. 

Hence I assume that the living protoplasm possesses side-chains 
or receptors which possess a maximum chemical affinity for certain 
particular groups of the specific nutritive substances, and that they 
therefore anchor these substances to the cell. The receptor apparatus 
of the cells is highly complicated, the red blood-cell, for example, 
possessing perhaps a hundred different types of receptors. 

If this view is accepted and it is recalled that in the toxin mole¬ 
cule it is the haptophore group which effects the development of 
immunity, only a very small step is required in order to gain an 
insight into the nature of antitoxin formation. This is the very 
natural assumption that among the various receptors—perhaps by 
chance—the haptophore group of the toxin finds one which possesses 
an especial affinity for this haptophore group. It is not at all neces¬ 
sary that every bacterial toxin should find fitting, i.e. toxophile, 
receptors in every animal species. On the contrary just this absence 
of receptors constitutes one of the reasons why certain animal species 
are immune against certain particular poisons. Furthermore, all 
the facts indicate that the susceptibility, i.e. the receptiveness, of an 
organism for a certain toxin is associated with the presence of such 
toxophile groups of the protoplasm, a point which finds suitable 
expression in the term receptors. 

As a result of anchoring the toxin molecule by means of the 
haptophore group the cell is influenced in two directions. Primarily f 
owing to the lasting influence of the toxophore group, it sickens, a 
condition which manifests itself by disturbed functions and possibly 
by pathological anatomical changes. Besides this, however, in a 
manner shortly to be discussed, a regenerative process is begun which 
can lead to the formation of antitoxin. Since this regenerative 
process can be excited by toxoids lacking the toxophore group, as 
well as by the toxins themselves, we must assume that it is inti¬ 
mately related to the haptophore group. Hence the two parallel 
processes, antitoxin production and toxic action, are independent in 
» that they are caused by two different groups. In harmony with this 
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elements anchor the toxin even in a test-tube and neutralize the 
toxin just as does the antitoxin. If he added crushed fresh guinea- 
pig brain to tetanus toxin, he found that the brain substance anchored 
the toxin in such a manner that not only was the supernatant fluid 
robbed of its toxic action, but that the brain laden with tetanus 
toxin also exerted no toxic effect. From this we can conclude that 
a chemical union has taken place between constituents of the ganglion 
cells and the tetanus toxin. This combination is so firm that it is 
not broken up on being introduced into the animal body; as a result 
the toxin remains innocuous. 

That this is really a specific reaction and not, for instance, merely 
an absorption is shown by the fact that boiled brain, in which the 
chemical groups in question are destroyed, is just as little able to 
exert this action as the pulp of any other organ of the guinea-pig. 

In addition to this Ransom has shown that the brain of living 
animals possesses the same toxin-destroying power. In view of 
this it would appear that the objections made by Danysz, which 
refer to the divergent behavior of the decomposed brain pulp, possess 
no great significance. I will not deny the fact that the favorable 
result achieved in tetanus is evidently due only to the coincidence 
that the tetanophile receptors are present in large quantity in the 
brain. Such a coincidence, of course, need not obtain for every 
poison. If the organs endangered by the toxin contain only small 
quantities of toxin receptors it will be found that with what are, 
at best, very coarse experimental methods these receptors escape 
detection. This is the case, for example, with botulism toxin and 
diphtheria toxin. 

Such confusing chance occurrences can, however, be avoided 
with certainty if one employs poisons artificially produced, poisons 
which, owing to their mode of production, are directed against cer¬ 
tain particular kinds of cells. The hsemolysins produced by injec¬ 
tions of blood, spermotoxins, and numerous other cytotoxins may 
serve as examples. In all of these cases it can positively be proved 
that the toxin is anchored by the susceptible cells in specific fashion. 

The second point concerns that premise of my theory which 
states that the same organs which possess a specific affinity for the 
poison molecule are able to produce antitoxin. In this connection 
the very neat experiments made by Romer on abrin immunization 
should be mentioned. As is well known, abrin, the toxalbumin of 
jequirity beans, is able to excite marked inflammation of the con- 
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but restrict this term to such masses of iron which deflect the light¬ 
ning from a particular point, so we must restrict the term antitoxin 
to those toxinophile groups which circulate in the blood and thus 
deflect the poison from the susceptible organs. The toxinophile 
groups present in these susceptible organs are not toxin deflectors but 
toxin attractors. 

The theory also explains why the property of producing antitoxins 
is restricted to certain products of metabolism of living cells. All 
experiments to produce antibodies by means of chemically well de¬ 
fined toxic substances, such as morphine, strychnine, saponin, etc., 
have failed. 

If we bear in mind that the distribution of these substances in 
the organism takes place without chemical union and therefore with¬ 
out the intervention of receptors, the negative result of these experi¬ 
ments will not surprise us. The property of forming antitoxin is 
possessed only by such substances as possess a group able to unite 
with the side-chains or receptors which effect assimilation. It must 
be remembered that all the poisons which excite the production of 
antitoxin are highly complex products of animal and vegetable cells, 
which in their, chemical properties approach the true albumins and 
peptones. In 1897, by means of my theory, the production of anti¬ 
toxin and the binding of foodstuff were first brought into connec- 
tion. At that time nothing was known of the fact that even ordinary 
foodstuffs are capable of an analogous action. I have therefore been 
able to regard as an agreeable confirmation of my views the circum¬ 
stance that this consequence of my hypothesis has actually repeatedly 
been demonstrated within the past year, especially by Bordet. 

If animals are injected with milk, it is found that their serum 
gains the property of precipitating the milk in curds. This precipita¬ 
tion is also strictly specific, since numerous experiments show that 
the coagulating serum obtained by treatment with goat milk coag¬ 
ulates only goat milk, and not the milk of other species, as, for ex¬ 
ample, that of women or cows. 

The results are similar if animals are injected with other albumi¬ 
nous substances, e.g., with the sera of different species or with egg 
albumin. In this case in the serum of the animal there develop sub 
stances (termed coagulins or precipitins) which specifically precipitate 
the corresponding kind of albumin. 

Deviations from the law of specificity occur only in so far as the sera of 
closely related animal species contain substances more or less similar Thus 
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to illustrate the action of the two components by means of a crude 
comparison, the action of gun and cartridge may be taken. The 
complement in itself is harmless, like a cartridge, whicn only acquires 
destructive power by being introduced into the gun. In like manner 
only by the exclusive mediation of the amboceptor is the injurious 
action of the complement called forth and transmitted to certain 
particular elements. 

In opposition to this conception Bordet maintains the view that 
complement and immune body do not combine as we believe, but 
that the entrance of the immune body into the cell substance exerts 
a specific injury to the latter, an injury which manifests itself by 
the fact that now the cells succumb to the action of the simple pro¬ 
tective substance present in blood serum, namely, Buchner's “alexin." 

In other words, by means of the immune substances the blood- 
cells are made susceptible, “ sensitized," to the action of the alexin. 
In conformity with this Bordet terms our immune body or amboceptor 
the “substance sensibilatrice" and our complement the alexin. 

Although this view is also shared by Buchner, there are many 
reasons why I cannot accept it, especially in view of the observation 
made by M. Neisser and F. Wechsberg concerning the peculiar phe¬ 
nomenon of deflection of complement through an excess of immune 
body. To begin it is absolutely impossible to picture to one's sell the 
nature of this sensitization. If Bordet believes that the sensitizer acts 
after the manner of a safety-key which, when introduced into a par¬ 
ticular lock, makes the introduction of a second key possible, I must 
say that I cannot understand this comparison. It can positively be 
proven that the red blood-cell possesses no complementophile groups, 
since neither in the normal state nor after death does it lay hold 
of complement. The living blood-cell, as well as that killed by 
heating, however, through the occupation with the immune body, 
acquires the property to anchor complement. It surely is much more 
natural to believe that the immune body itself, the amboceptor, is 
the carrier of the group which binds the complement, than to assume 
that new complementophile groups arise owing to the action of the 
sensitizer. Finally, one can conceive of such a process in a living 
cell, one therefore capable of alteration, but in the case of dead ceils 
which have been treated by heat or all sorts of chemicals, in the case 
of stabilized albumin as one might say, this assumption cannot be 
allowed. 

Bordet's assumption furthermore does not explain the fact that 
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an immune body derived from a particular species is most surely 
activated by the serum derived from the same species. From the 
standpoint of Bordet's theory it would be most puzzling to under¬ 
stand why an anthrax immune body derived from a sheep should 
sensitize the bacilli against just the sheep alexin, one derived from a 
rabbit against just the rabbit alexin. From the standpoint of the 
amboceptor theory, however, such a phenomenon does not offer the 
least difficulty, since it is natural that the amboceptors circulating 
in every animal species are fitted to their own complements. 

I wish to mention still one more point which plays a great role 
in Bordet's views. Bordet assumes that the alexin is a simple [cm- 
heitlich] substance, whereas I maintain that there is a plurality of 
complements. Some very interesting experiments have recently 
been published by Bordet which appeared to support the Unitarian 
view. 

He first determined that a certain serum, e.g. guinea-pig serum, 
was able to activate two different immune bodies, e.g., a cholera- 
immune body and a haemolytic immune body. To this guinea-pig 
serum Bordet added sensitized blood-cells, i.c., blood-cells eager 
to take up, and susceptible to complement. If now he waited until 
haemolysis had begun, he found that the guinea-pig serum had lost 
its property to dissolve sensitized cholera vibrios. The same thing 
occurred if he reversed the experiment. 

Although it was easy to confirm the experiment of this distin¬ 
guished investigator, I found it impossible to accept Bordet's con¬ 
clusions. This experiment is only then positive proof for a simple 
alexin (in this case for the identity of bacteriolytic and hemolytic 
alexin) if it can be shown that the two immune bodies in question 
are acted on by only a single complementophile group and not by a 
plurality of such groups. Previous investigations, however, have 
shown that the immune sera artificially produced are not simple 
in character but are made up of a number of different amboceptors 
possessing different complementophile groups. 

Nevertheless I consider Bordet's experiments so important that I 
have once more had this question thoroughly studied by Dr. Sachs 
and Dr. Morgenroth. These gentlemen were able to establish 
positive proof for the existence of different complements. I)r. 
Sachs, for instance, studied these conditions in goat serum, employ¬ 
ing for the purpose five different combinations of immune body, 
each of which could be complemented by goat serunp If goat serum 
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contained only a single complement, the course of the five series of 
tests should have been identical when the complement was affected. 
It was found on the contrary that under the influence of digestion, 
for example, one completion remained intact, while four others dis¬ 
appeared. By means of absorption further analogous differences 
were manifested which made the assumption certain that in this case 
four different complements come into action. Since these results 
positively prove the existence of a plurality of complements I think 
it will be unnecessary here to bring forward additional evidence in 
support of this. 

A resum6 of these observations confirms my view that the mech¬ 
anism of haemolysis and bacteriolysis is most easily explained by 
the amboceptor theory. 

So far as the orgin of the two components which take part in 
this reaction are concerned there is not the least doubt that they 
are of cellular origin. 

I assume that, in addition to the ordinary receptors which serve 
to take up relatively simple substances, the cells contain higher 
kinds of receptors designed to take up large-moleculed albuminous 
substances, as, for example, the contents of living cells. In this 
case, however, the fixation or anchoring of the molecule constitutes 
only a prerequisite for the cell’s nutrition. Such a giant molecule 
in its natural state is useless for the nutrition of the cell and can 
be utilized only after it has been broken down into smaller constit¬ 
uents by fermentative processes. This will be accomplished most 
readily if the grasping group of the protoplasm is also the carrier 
of one or several fermentative groups which will immediately come 
into close relation with the molecule to be assimilated. It seems 
as though the economy of cell life finds it advantageous for the re¬ 
quired fermentative groups to come into action only temporarily, 
perhaps only in case of need. This purpose is effected most simply 
if the grasping group possesses another haptophare group which can 
anchor the ferment-like substances present in the serum, the comple¬ 
ments. Hence such a receptor of the higher order possesses two hapto-* 
phore groups of which one anchors the foodstuff, while the other is 
complementophile. It is obvious that when, as a result of immuniza¬ 
tion, such receptors reach the blood, they will exhibit the properties 
which we have found to belong to the receptor type. 

In regard to the second constituent, the complements, vte shall 
not err if we regard these as simple cell secretions, designed to serve 
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internal metabolism. In accordance with, the conception of Metch- 
nikoff we must for the present believe that the leucocytes are pri¬ 
marily concerned in their production. 

From these points of view the organism's immunity reaction loses 
the mysterious character which it would have if the protective sub¬ 
stances artificially produced represented a constituent originally for¬ 
eign to the organism and to its physiological economy. 

But we have seen that immunity represents nothing more than 
a phase of the general physiology of nutrition, a view in which 1 
agree entirely with that distinguished investigator Metchnikoff. 
Phenomena entirely analogous to those of the formation of anti¬ 
bodies are constantly occurring in the economy of normal metabolism, 
in all kinds of cells in the organism the absorption of foodstuffs, or 
of products of intermediate metabolism, can lead to the formation or 
the thrusting-off of receptors. Considering the large number of organs 
and the manifold chemistry of their cells it need not be surprising 
that the blood, which is representative of all the tissues, contains 
an innumerable number of such thrust-off receptors. To these I 
have given the collective name of “haptins." Only in recent years, 
thanks to these very theoretical considerations, have we reached a 
point where we can get some idea of this enormous multiplicity. 

In addition to the true ferments and those ferment-like sub¬ 
stances, the complements, already mentioned, the blood normally 
contains a number of substances which act specifically against cer¬ 
tain substances present in solution. 

Chief among these' I may mention the normal antitoxins, and as 
examples of these the diphtheria antitoxin and antitetanolysin of 
normal horse serum, the antistaphylotoxin of normal human serum, 
and the anticrotin of pig serum. Next come the antiferments, 
such as antirennin, antithrombase, anticynarase, and others. We 
also normally find substances which prevent the action of specific 
haemolysins and bacteriolysins, being directed in one case against 
the amboceptor, in another against the complement. For example 
in goat blood I discovered an antiamboceptor which was directed 
against a goat-blood hsemolysin obtained in accordance with Bordet's 
procedure. In the blood of one animal species P. Muller of Graz 
found antibodies directed against certain complements of other 
species of animals, and which may, therefore, be termed normal 
anticomplements. 

Of still greater interest, however, are those haptins which are 



THE PROTECTIVE SUBSTANCES OF THE BLOOD. 


385 


directed against living cells of all kinds, thus, against vegetable 
cells, such as bacteria, and against animal cells, such as red blood- 
cells, leucocytes, spermatozoa, epithelia, and others. The haptins 
which are so antagonistic to cells are divisible into two large groups: 
(1) the agglutinins, which cause the bacteria or other cells to stick 
together, and which through the researches of Gruber, Durham, 
and Widal have attained such great diagnostic significance; (2) 
the bactericidal or cytotoxic substances, and these are intimately 
related to natural immunity. In case the substances not only kill 
but also exert a solvent action we call them lysins, and speak of 
haemolysins, bacteriolysins, etc. Thus a certain blood serum, e.g. 
dog serum, will simultaneously exert antitoxic, antifermentative, 
agglutinating, bacteriolytic, and cytotoxic effects against the appro¬ 
priate substances,, If we consider one of these functions by itself, 
e.g., the agglutinating function of a certain serum, we shall be met 
with the question whether or not this property is due to one simple 
substance, the agglutinin. Numerous experiments have shown that 
this is not so, but that in this precipitating process just exactly as 
many different agglutinins take part as there are present different 
agglutinable substances. It is easy to demonstrate this plurality 
by means of the principle of specific union introduced by me. 

If, for example, a certain serum is able to agglutinate two varieties of blood- 
cells, say rabbit and pigeon blood-cells, and two kinds of bacteria, as cholera 
and typhoid, it should be found, in case this plural effect were produced by 
a single simple agglutinin, that absorption by one of these elements, e.g. the 
cholera vibrios, would remove the other three actions also. As a matter of 
fact, however, the serum which has been shaken with cholera vibrios, while 
it will no longer agglutinate cholera vibrios, is still able to produce agglutina¬ 
tion in the other three elements, and vice versa. In this case, therefore, lour 
different agglutinations take part. 

Results entirely analogous to these are obtained if the other 
functionating groups contained in blood, e.g. the antitoxic, bacterio¬ 
lytic, etc., are examined in a corresponding manner. These facts 
confirm the pluralistic view first maintained by me, according to 
w'hich every blood serum contains many hundreds, or even thou¬ 
sands, of effective haptins. All of these, with the exception, per¬ 
haps, of ferments and complements, owe their origin to an excessive 
assimilative metabolism. Their peculiar action on certain substances 
foreign to the body may be regarded as due to an incidental 
meeting. To a large extent, therefore, they are to be looked upon 
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COLLECTED STUDIES IN IMMUNITY. 


That they appear to play this role is due to the action of what I have 
termed the “horror autotoxicus,” which prevents the production 
within the organism of amboceptors directed against its own tissues. 

In this “horror autotoxicus ” we are dealing with a well-adapted 
regulatory contrivance which it may be well to discuss briefly. The 
investigations of numerous authors have shown that by injecting 
animals with any kind of foreign cell material cytotoxic substances 
can be produced directed exactly against the material used for im¬ 
munization. Thus if a dog is immunized with an emulsion of goose 
brain, it will be found that the dog’s serum will be highly toxic only 
for geese, killing these animals with cerebral symptoms. In the same 
way we can produce other poisons, hepatotoxins, nephrotoxiiis, etc., 
each of which acts only on a certain organ of a particular species. 
In human pathology, however, we must consider the absorption of 
the body’s own constituents and not of those of other bodies. The 
former may occur under many conditions; for example, in haemorrhages 
into the body cavities, in the absorption of lymph-gland tumors, in 
the febrile waste of body parenchyma. It would be dysteleological 
to the highest degree if under these circumstances poisons against 
the body’s own parenchyma, autotoxins, were to arise. I have 
attempted to solve this question by injecting goats with the blood of 
other goats. The sera of animals so treated did not dissolve their 
own blood-cells, but dissolved those of other goats. Hence it did 
not contain an auto toxin, but an “isotoxin,” in conformity with the 
law to which I give the name “horror autotoxicus.” 

I believe that the isotoxins may perhaps come to play an im¬ 
portant r6le in diagnosis and pathology. In the serum of dogs in 
which he had produced a chromium nephritis, Metchnikoff found 
that an isonephrotoxin had developed, for when this serum was 
injected into normal dogs it produced a nephritis. It is more than 
probable that in man also the greatest variety of isotoxins is formed. 
In the case of the blood this has already been positively demonstrated 
by a number of authors, such as Landsteiner, • Ascoli, etc. 

With the exception of the red blood corpuscles we cannot, of 
course, undertake any studies in man concerning the isotoxins of 
the parenchyma. Many considerations, however, indicate that it 
will be possible to carry out these experiments on monkeys and so 
gain a new foundation for pathology and therapy in man. 

The number of combinations present in the blood serum and 
making up the ever-changing haptin apparatus is infinitely great. 
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Of these especially the substances of the amboceptor type are in 
most intimate relationship to the processes of natural immunity, for 
it is they which, in conjunction with the complement, effect the de¬ 
struction of the injurious bacteria. Hence if there is a loss of natural 
immunity, it will next be necessary to inquire whether there is a lack 
of complement or of amboceptor. 

I am convinced that these, haptin studies open up a new and 
important field of biological investigation and will add to our knowl¬ 
edge concerning the process of assimilation. Clinically they should 
be of even greater importance. Since I am not in the position to 
make such chemical investigations on an abundance of material, I 
have thought it my duty to clearly define my point of view, thus 
furnishing to others the basis for a proper study of this subject. The 
significance of this method for pathology and therapy will not perhaps 
be fully realized until after the lapse of years. 
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Next we come to the very important substances in serum which 
cause haemolysis. I have previously dwelt in detail on the fact that 
in this the action is always due to amboceptors which attract both 
blood-cells and complement. Hence I may limit myself at this time 
to some supplementary remarks. It has long been known that the 
blood serum of one species injures and dissolves the erythrocytes of 
other animal species. This is the case not only in distantly related 
types, such as fish and mammals, but, as was shown by therapeutic 
blood transfusions, occurs also in comparatively near relatives. 
Buchner was the first to appreciate the significance of this phenomenon, 
and assumed that the serum contained a substance innocuous for its 
own body but acting destructively on foreign elements (bacteria and 
blood-cells). This substance he therefore terms alexin. Not until, 
in later years, the mechanism of artificially produced lysins became 
clear was this Unitarian view shown to be untenable. First it was 
found that the lysins contained in normal blood are not simple in 
nature, but are composed just like those artificially produced, of 
two components, the amboceptor and the fitting complement. Further¬ 
more, corresponding to the results in the case of agglutinins, and by 
means of the same methods, it was found that a given serum can con¬ 
tain a large number of different amboceptor lysins. If a certain 
serum (e.g. dog serum) dissolves the erythrocytes of different species, 
the specific combining method has shown that this property is due 
to the presence of different amboceptors, each of which is related 
to only one of these species of blood-cells. In fact it even seems as 
if different complements may correspond to these amboceptors. 

In view of what has been said we are fortunately able to regard 
these different agents which injure the blood from a common point 
of view. ^Whether we are dealing with vegetable or animal prod¬ 
ucts, whether with lysins or agglutinins, whether with substances 
of toxin-like nature or of the complex amboceptor type,— in all of 
these cases the 'prerequisite and cause of this poisonous action is the 


thrust off into the blood they constitute agglutinins and precipitins. The 
toxins also are to be regarded as receptors of the second order thrust off by 
bacteria. 

3. Receptors of the third order , which possess two haptophore' groups, one 
of which effects the union with the foodstuff, whereas the other lays hold on 
certain substances circulating in the blood plasma, the complements, which 
cause ferment-like actions. After they are thrust off these receptors con- 
situte the “amboceptors.” 
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same, namely, the presence of suitable receptors on the blood-discs, i.e., 
receptors which fit the haptophore groups of the toxin or the corre¬ 
sponding groups of the amboceptor. This view, already generally 
.accepted for the toxin poisonings, is supported by considerations of 
two kinds. First is the positive proof in the case of the manifold 
blood poisons, that their injurious action is always preceded by the 
anchoring of the poison to the blood-cell. Only such species of 
blood-cells are susceptible to a certain hemolysin which are able 
to anchor the same. This has been confirmed again and again in 
the case of amboceptor lysins. Conversely, therefore, there is the 
closest connection between natural immunity and absence of receptors. 
That the fixation of -the poisons is not due to mechanical effects, 
such as surface attraction, but to a true chemical process, is at once 
shown by the strict specificity which obtains. This is observed 
especially in the amboceptor lysins produced artificially. This 
specificity is in marked contrast to the many-sided and non-selective 
action of surface attraction (charcoal, etc.). The second point 
which supports the above view is the fact that the action of a 
certain poison, and only of this one, is inhibited by the correspond¬ 
ing antitoxin. According to my views, the action of antitoxins is 
explained by assuming that they occupy the haptophore groups of 
the toxin molecule and so prevent these from combining with the 
receptors of the tissues. It is quite incomprehensible to me how 
the specificity of the antitoxins can more easily be explained on 
the basis of the mechanical conception. 

This brings us to a very important point, namely, the surprising 
plurality of receptors. Even in the blood poisons each* antiserum 
protects only against the substance through which it was produced 
by immunization. This law of specificity, which has so repeatedly 
been confirmed in the infectious diseases, is thus seen to apply here 
without any change. Antiricin serum protects the blood-cells only 
against ricin, antitetanolysin only against tetanolysin, every anti¬ 
amboceptor only against a corresponding amboceptor. 

Hence in every species of blood-cell we shall have to assume 
the existence of as many different kinds of receptors as there are 
poisons. This is obviously a very large number. Thus if the blood- 
cells of rabbits are injured by ricin, crotin, abrin, phallin, by the 
most diverse products of bacterial metabolism, and by a large num¬ 
ber of sera of other species, we. shall have to assume a certain recep¬ 
tor (ricin receptor, etc.) for each case. Almost every day, however, 
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we are coming to know more such blood poisons; the number * * * 
different receptors which we can determine, therefore, contint ***'•'’*' 
to increase. 

In this connection I should like to present the results wh**'* J 
Dr. Morgenroth and I have obtained in attempting to produce aut # * 
lysins by immunizing goats with blood from the same species instr»* # * 
of blood from foreign species. In only one single instance were f 
successful, i.e., in obtaining a solution of the animal's own blor**l 
cells. In all other cases we obtained merely an isolysin, which clb 
solved the blood-cells of other goats but not those of the goat imri* f * " 
nized. If the blood of a large number of goats is tested with a 
ticular isolysin, it would be found that of some goats the blood 
highly susceptible, of others it is feebly susceptible, and of still oth« r *®' ^ 
the blood is not at all susceptible. In the case of the suscept.il 
bloods it can be shown that the isolysin consists of the amboeepf *** 
which is anchored, plus a complement of normal goat serum. 1 1 # 
course of time we have produced thirteen such isolytic sera, and foul** I 
to our surprise that they all differed from one another, i.e., 
they represented different isolysins. Thus the first serum dissolve i 
the blood-cells of A and B; a second serum those of C and D; 
third A and D, etc. By means of this one experiment we htt\ , 
therefore, come to know thirteen different lysins, to which, of cour^r*, 
a similar number of receptors must correspond. It was fortumnf 
for us that in the blood-cells of an animal all the receptors were r*«»f 
present, but only a part of the same, for it was only owing to f 
fact that a separation of the different kinds was possible. 

It is worthy of note that many receptors may be present in t l**~ 
blood-cells in relatively large amounts. If we designate as the sirif^ 
lethal dose (L.D.) that amount of a certain amboceptor which 
supplied with sufficient complement just suffices to completely cist* 
solve a constant amount of blood, we can, by employing differ* *i* t 
amounts of amboceptor solutions inactivated by heat, readily def ter 
mine how many L.D. can be anchored by the amount of blood 
question. As a result of this it has been found that in some ca******* 
only just the single L.D. is bound. More frequently the combin* tsj# 
power of the erythrocytes is much higher, so that two to ten ar»«i 
even fifty times the L.D. is bound. In such cases, therefore, \% ^ 
are dealing with a marked excess of these particular receptors. „/%## 
analogous case, by the way, has long been known as a result 
Wasseimann's experiment concerning the power of brain substance 
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to bind tetanus poison. In virtue of such, an excess of tetanus 
receptors, the brain also absorbs a considerable multiple of the L.D. 
Hence in test-tube experiments it is still possible to neutralize con¬ 
siderable quantities of poison with the brain of a guinea-pig which 
has died of tetanus. 

All of these tacts lead to the conception that the red blood-cells 
possess an enormous number of receptors which probably belong 
to hundreds of different types. Of these, again, a few may be present 
in relatively large quantities. This fact is surprising; for in a way 
it is opposed to the view held until now concerning the function 
of the red blood-cells. It is inconceivable that the simple inter¬ 
change of oxygen, a purely chemical function of the haemoglobin, 
would require so complex an arrangement as that just described. 
In my opinion, therefore, this enormous apparatus indicates that 
the red blood-cells actually exercise properties which we have thus 
far overlooked. If we consider that the receptors in general serve 
to take up foodstuffs, or in some cases the products of internal 
metabolism, we may easily assume that the receptor apparatus of 
the erythrocytes fulfills this same purpose. Since, however, we 
know that the vita propria of the blood-cells is very limited, we 
shall have to assume that the substances taken up are not for the 
blood-cells’ own consumption, but are designed to be given off to 
other organs. The red blood-cells may therefore be regarded as 
storage reservoirs in the sense that they temporarily take up the 
most varied substances derived from the food or from the internal 
metabolism, provided these substances are supplied with haptophore 
groups. I may be permitted to call attention to the fact that the 
erythrocytes contain chiefly receptors of the first order, 1 i.e., recep¬ 
tors which take up substances but do not further digest them. 

After these explanations I feel justified in believing that the 
study of receptors has opened up a new and important field of bio¬ 
logical investigation. In order to make my meaning clearer I should 
like to quote the following paragraph from Verworn (Beitrage zur 
Physiologie des central Nerven-Systems, I. Thiel, page 68) in which 
our present knowledge is reviewed: “The living substance of every 
cell, so long as it actually is living and manifests vital phenomena, 
is constantly decomposing automatically and constantly forming 
new substances. Dissimilation and assimilation are the fundamental 


1 See note, page 392. 
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tible after several weeks, and further that in this case there had 
been a disappearance of the special receptors previously demon¬ 
strated as present. We have also encountered the reverse of this, 
namely, the appearance of receptors previously absent. 

Evidently this coming and going of certain receptors reflects 
internal metabolic processes which may be dependent on a large 
number of external or internal factors. In this connection a fact 
observed by Kossel is especially interesting. This observer found 
that during the course of immunization with eel blood the blood- 
cells of rabbits acquire a high degree of resistance against the poison, 
a fact which we should perhaps ascribe to a lack of receptors. In 
this case we are dealing with, something which is specific for the 
immunization with eel blood; for we could not obtain these results 
with two other blood poisons, crotin and tetanolysin. 

To a certain extent the experiments of Kossel, Gley, and Tschis- 
towitsch furnish a clue to the mechanism of these phenomena. They 
show that the first phase of immunization is that of antitoxin 
formation, and that the unsusceptibility of the red blood-cells is 
not developed until later. 

The way in which blood-cells which have previously been sus¬ 
ceptible to a certain poison become unsusceptible to this can very 
readily be explained. We have seen that those blood-cells, which 
are susceptible to the action of a poison (e.g., eel blood) possess 
appropriate receptors. Under physiological conditions the office of 
these is to anchor a certain particular product of metabolism, x. If 
now through treatment with the poison the specific antitoxin is 
produced, it is clear that this antitoxin when present in the circu¬ 
lation is able to anchor not only the poison but also the normal meta¬ 
bolic product, x, thus preventing the latter from combining with the 
erythrocytes. Since this, however, renders the corresponding recep¬ 
tors permanently useless, the possibility of their disappearance is at 
once given—after the manner of atrophy through disuse. This will 
occur most readily in those cases in which the substance x can 
readily be spared by the cell, i.e., cases in which (as in sugar) 
the substance can be replaced by some other kind of material 
(e.g., fat). 

A disappearance of the receptors can, however, occur without 
the development of such a deflecting antibody, as is shown by the 
isolysin experiments. The most natural conclusion is that the lack 
of receptors in this case is produced by an inconstant, perhaps only 
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a t<*in|inrur>\ militbolir j»rutlu< 1 . IVrbitj** ihb nitt In* brought iiifu 
rcniiii *(1 ion w it h flu* inf mot ini? iiloomti ion of i *lr\ that !hr 
mils of wav-born rabbits :ir<* fii^lih iioMau* against ml jtniMiu, 
an jtiiring tin* normal 1 1 i$i 1 1 ibiltt\ *>!»iv in llm «’o*ir*t« of 

wnnks. 

Hn 11 u w m if rna v, r\ ♦•ry thing in»lh ;*t*" find !).» t** i an ofmmin 
harrimnimi rojuiuHion brf v. itn f^r mw mb m *<f a?;o dnn ponu«i 
mill | 111' iiaf nro of f hr f§'«T|if#tf • jm ■ «iif 1 In ♦'Hfiiff'r! too 4r|ain!^ otf 

Hu* fact flat nlof•’ with lnt|monm ord ,» ' bwuhn 

on fh<* |«r*»fnjihrin whi»’Ii r\nfr< fho pro.luH *4 i| ; r m 

ijiifot mn 

In roiii’lii-ion I wbfi to point out that main fart h in* I$r*itf ** ftint 
fhi* h|«rii-H «»f rwnfttor* foul**! ill f 1 m rf \t hforytr* iiini aho In* pfwsmt 
in t ht* rrlb uf of Jut nrjmtiH. Thu*, mmm mmwij? only our r^iinijilr, 
trtiiiifiiyniii b unrlitirwl no! only bi flu* rivflifo* %but nl*«» by 
fin* tirniii tin*! oflinr urgfiti*. Tltb phriiotnrooii uloi ? 4 *owt §f%r*ff ?»i 
f (it* itmimniftitig fiTf* Vim Iliingitfi for r\itinf*lr, foninl ftnil *«*ruttt 
of rabbit* whiHi bin! bmi ffriit^l with ImHo-nl rpithrhtifu of mwii 
rxnrloil n itmrktsl liiTinolyfir art inn mi o\ him* I in mhlitiou to its 
injurious action <m epithelium MHcbnikutfS objection that lliin 
was tiiir to ini error in !iT , l*onjtie (the injection uf nijriii^nl |#Io«k|> 
relb) wa* controverted bv loft J hingern, who aboweff tfnit inject inn* 
nf mw milk, a material absolutely free from hliwwl-eell.*, pnicltiml 
I tin name fnriiiolyMins II follow* I lint certain receptor* tno*t \m 
common in tin* rr*I |j|ooi|-cclb ninl llir r|#$t|irlial or till* milk 

ilnrivrtl fr«tn t Iiip, 

T!»* wait* ilbtfiliiilitin «if it fiiirtiniliir mtt&mmt hmmmmmm 
vary wall with tlie* nmmnptmn wiirtTfiifig ilia fniii!* 

licitii of Ilia riwfittir ii|i|»iirmtiiP ml t|»«* ml lil«aal*rrll^ 

Aesinlitig to Hiimrliar's ilia ml mrw m 

i wrf tif biiiik of tfeftmil wlnw tin* ifiatilwilir jirtwliirl* iti exi*»« at 
any given time may It© atoml f^tnpitirilf lit I lit* rum* llr 
atnneea will tut yitlilml iifiitiilf li> organ* rw*|it#w, 

Tlib prcieat* will lie all the morn romjilele if tin* nffitiily nf tf»r tmm 
P!fi*f>t.ow m greatinr than that of tin* blm*4 trrrjft«#rn *\%n** m%* 
ntmty reaitottit for believing that the affinity of tin* limm mrptvm 
m licit mmimtf ami tlmt it eifi tm m$midtmkiy inrramad through 
certain atlmttli (a**imiiative atimuli)* It m that tiwiipr* if 

may apply tha term to purely rtlltilar prnmaiii,, fw.»t eonaiitutir 
out of ttif mist importaiit anaimslativu iliitmlh Thi* fiificiitifial in* 















tiik M¥A\:vvim \vv\UMt * m i Hi «:n» I'M**: - in m«.i 

<Tf UM «if JlflillStV ttulllil not, |i p«n v 'I*j|nJ 4K f .*< >»« I * ’ 

wHI 1114* |#rf hm»m iif a,- iiiiitif 41 fii k 4 *0 4 1 * 

No*r ‘ Hiilifi^innif u«|?I>f if#n f« |4$♦**, 

I ’’illlirf ft? ;i I o fiv ft t »-iil |y frput 1*4 1 1 n^i|4 , trt*4 4*. I %• * o <»• ^ - **. r?>c- 

T» 141, \i# ** I, HWIi? ? th'i! f I r> fl m i ** Jl < f 4 J« ij» i f j» # ? v '/.*•« 0 m 

colir.i fnii'tit* pr* fl^ir * u i%*«u« • • *? - > j ? 1 , . - 

of flu* ttthru futi on, Ih ;i jfM if I,«?!*!*, *4 t» ^ I ** - , > * 1 

ttrn tvr 4 Ilf'if f 4 ^ # i' /, rlirin ill ■imI.v^ In II 1 •*.. 

im.iliir tu 4rrm#*r w*y iurn a c4 frM ,f .iw*i «4 l?»v tt 4 $4*^4 ** a 4i|f »IH i* I l * 
IM’lillll til lim ficill. 




XXXIV. THK HKI.ATin.N8 KXiSTIVf? HI TVAKI'N (TU-’.M. 
K’Al, mWITHTlnV DJSI VAW |{M\, AN1» 
HHAHMAi’nJ,»x;iK\K AH'inw 

CAii Adiliv** in fir M Wrriii hit inn**tv I *<**• J*\ I HfiH | 

!ty l*r<#fr*«v*r Iff V 

rvru, ?vr#*nf y**i*r Hr |j 4< A*<n * h* nu an>! it** *i>* Jv»* 

wt # n* in rmt nil mnfjfrH to |Mr ??mi In ?hr In, i 

ill ( *nh\ JjMUf 4nr, 4 < Smiii 1 * Im ! jva < vi lj h » 1 ian*! ♦ l^rfi 

Hi flu* hi of in* 4n t tM t * m 1 ifn # ,h .sMir i hnt ill 

till* |in t lit t iiiif f lir «’hi inj« '4 v ru f i4 m i ,4>< n?t v* Im )i 

flu* mu f iiii| #* ftt ;ii 4 u* \%* 4h fin 4* f tU* 1 n? n M* i 1 h V fLf J* *$« ^ 

uw t Jr • ^ nt h*'f I*’ v<i«^ f t^rU*ih of ir h Hi* t :f i * uM* .*;■** '4 ' * *n Hr 

i l!|l* |i!|||ii, U | si! Hu V *f | « * J * j i * of 

li\ illjf mil fin 1 hr o! h» ? "fin" *!n * 1 s f *« h 

j i \ »■’!' v (MilUMJir^S Iij ? hi !ii'4 »,< f otn f..:*?,<■* mm* *} \ hi 

ttltil M>ii|ili , 4»H4n f ** jt :i* *'mu if 4 !!,»• H*r nv, n i /,m phi*?*. 

of Inifir luif nu m aHi - »*.»* o to Hs^r » A ^n^iU r 

miff t;r f f4* it f r jUbAt-t’ m 4 fhiip thiit i ^ r f llr f 4t i 4* „ t| 

llirilir r *i|||r|jf i, wl^r* f till' f 4^ n* tnh 4* I 14IV- u 4nt% n in *L*« fan ‘ f 

mill »li|JiHrria ni> f 4<ru!i, ^ hi^ h **** # t,*m ##iJ, f 1 rr 

lii*th»f« .iii4 al^aif « hritm nl r<a,-I if *«t* 1 M ’TolaNaV 

lift! Illli|f, Tlim fur f In* 4 *1 Hi* II <*«* % hntwu* «t/t hii 1 * | f »4 

S%nilr4 f« )ir«4fir» } t fir a* in ;i U ns/ 1 mi it* uyrtd 

min ftnr rlirtttni! AW lf«it *hr f mjIikh lr?,v hi*ai|44 

forth n th** t^iiivh'Hon fir*l ;if** 4**$%hh$ «» f « *4 

tlr fitlfiri^t ritiii(iiiHify, %ili|fti f«r Hr j^r«^iit fit#' m !;trh l# <# *ritrl 
i$nr rlif*iiii«*iil it$i*l %\m la tw m nr / ;o< ^ ill loi^ 

mmm *n 

1 Il#|irliii tnifii il^ v l f »i^litifi l I‘i4 I 

m 



















niiAiiiw!. n»vsrrn iin\ w>i in\ mi\« «*!•**,i* u it if 

a rt* till uf ili' Mfl m! \i* v rut, *h’? a* r m * ’ L»- * » .. ’* v ’• * ? * 

pr<’\alert* I hut tin* Haim* f far run **< a ami * h* *• r> * *» i .** t * , « s <F 

cii'iiHi 4 *^ ar«* alnthtf* h ii^Ui t%v 1# *'** * ? I ’ m » s >* 

yrar> $mu a rrjfaiit LjHi aMh**1 u v « mI t h ;? * h* .1, ,,< * / m 

t ii«* iiKiiifif r fii i pH ifn fur* r * < m a ph ’> • a .*1 m* * U ' f i 

ol fntvr* * ili'rr fu hr Mphrhi * I* f < p»» jhih* Hf '.*.'1/ jr 1H • 

tra«li«'h<>fl« umihl h* nw/phfrr h l, Icf Ihi * i i ’nh {!<, . < 1 ,, 

ftillll,* wuliifl hr La !kI lir. 

If in**fra*! uf flit li# a, 4 ?m fl it In h 1 ,-m? , » / *p *i ,i ,» , . * 

tin if* pmuT 1 *i jam !\ » h* n. < h j..* /. •* ** l -A \jA A , « > , * 

(|ii< • t if*tu ari r Ivh an » »j p* ns j Jr Hr < hr *’ , f r ' 3 .« ■ a * < - 

fiirtlf nf ? hr?;i|‘I'lj* ^ f n||UJ<> **i *!, H ! A; , • | ♦ . J , .< | 

iiiV'» Jf *Iu? ah fii pa, * *? u ,*j vw*f .,<«* rpA n, r*- ^ h.« * > ^ * ,! 

V nf tnMf. 4?r| a? «I * . j t il , ] /> !/’,«<* | ’ i I 

]ti‘ f ifitij m i'h*,Jiuni f t h s ? I h r, * i r., , i h , i . ; ' , 

hr art a?}i*a* ,> h» * i ^ u^u* %*u\ \\ t f • ,, , 4 ,> u ^ 

1, l # #y f fir Jifprhi# ?i*ii * >i 4 1 * u u 4 s , | - f :. ^, 

*2* lU* r 'K mi# tan*' >i ^ i*„. * ^ n 11 t , , / n *r 

affiiiit irn, 

2, Hy Ihvtlrttkuu ‘\tni<,uu *>i , ,^ f .i !h* i , , 4? , ?1 ,, j,- 4 ,, ^ , 

I 

If thm f hr ffitihriiwirui^ $J l nu*^k rufj-hAnh' <t* ;»t,4 I t ».| 

|iHl!|< Jjjililurt f |m»||| fp'f 111,14 i||) ;i * iif 4 ^ r /( ? ^ ., , * ; k 

i#»rf I hr fumm^th *'hf ti4 r aih ^hr fa-i wuhh r s n, ?, , | 

«!**!rrniiijr an mfaf fn« tor th*‘ u,i ^ i 

r!n, #*f |ifi#||i- r|rp 4 rl 5 If ^i\\ I- urh ^ ^ n,* •/ 4 % 4 

rfirnlitif*ii 4f»f in fir. 1 *hv n^ulr «4 .4/ fl f ^ t 

rfjHfiPiil if»ifi«fii r *ArJ| hjinia 

If h laiitnibily ilf^iriihl# frtfaai in* 4 mrl,i n4r ih, ‘4, 
iim hrfwwii t'hvmml mA pimmm nh^/ ui ,r r. i * , r 

ifil fJa* la t h-w fimnln flirrr miim* r#r 4^1, t i 4 R / a ( , /if 

tin* ftifwlmi ti**tir 1* n*b n* 1 i» #4 thu, ^ ? ^ 

Hllflpftffif Hrlv liiifm^ ftufii fj|*. yMir I %'/i 4 m 4# 

til III 4 II.-I raff 4 tllflf » ffVrliiiiin* 1 # >4.. 4 lt * 

flit *f li\ 1 |?riiii|i h ifif l#»jiit **rj, Iw4f.|f Irfi4r*| 4 i, l4 , nrrj' n 

irtlhllll, fii tirw Ilf f hr furl ftni ^ § f „ fi! , MI / SN/ . 

Iitlifii him*, itmrt mA Hr wifi /ftuS^nf a nnmU^ A utK<-t i N , i( , 
iifiw* flrmni fpni4 virifiiii f4%alfii4i ami frairS n?I ,,f f m * i . j«^ 
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po.nm: m 4 a rurarr 14m art inn, Mu**- Mn* Mm a btpr im^m rf 

iiiiiiiiimiuin 4ni\r4 ifuiii !!*.« a.** f mm4 ;4< vmM Jmm Ihu 

invr* f i| f atrt 1, iihM all **f *a I. a* h la<v * 4 M > < mu* u* m m l hr hoa! 
Mrp war arlia \m 1 nnU trimly \\h* u H» 4 v, h< v*4 M,m * mm. a a 

IfM'lf an limiimimiin !»;r*' Ih* fouls*! M -V M.< # m ni* mt a 

trrtmrv ulbul**i«l, ‘*m im vlurh j M h /4 ! ’* n< h ■ 1 * Mv * uim 

ua ] j* nhjrrf i 4 In iw I In ho am aii mjm mm an in.r r»» I * n i - >« m wS-rli 

min-: iififiil#-*! rh ?fi - ami n< Va• Mm MJnt f sl 

rfiianii, hut u a' ill (Mi if *JllH ’ jim • a !*iur a - Mi * 4 ;;%?*;'! *4 fntnr 
filin' I !tn Imsi** f In . r .'i mu lu' r l«f ii ‘' .4 >* A < m iu u 

rofiihifiaf iMfi l*y a laipr imib« r M 4ia>u f Mmn ^ ntmm 

iiiav lif* itii’ii?Nrtmhi. Jafhh ! 4* fmr, %!**?mr laninMi J *s pt* r, 
<*itttr\ aial A|lifi!irf4 1 I’llliliol, h* t«* U ‘1 , |M Hi? f 4< f ml < liful Jlitl'f 

miifijji* iirmrlf in im a if a Mi-M * 4 v» h:» f ha, h*« j? Amm m 

fill* <lr\rtn|«lflH*t rif nijliirtir frfffrhM'' 

Ilruf ill iiupttTintm* no t hr hi f Jn j:A ;«|Mif m i* t n *>( wlmh Mjr 
main f yj wm iur tlir nffttfnint Mir at-A * h< pf«< i.a* * Ma *4 hr 

hi-fury of f!ir mifiia of hmi ffM,| ^ nj <bn* U ft# 

filif* run 4 f hr ^fartini? }«niif ,n■ ? luM t h:ni umi#* i a 

liytlnifnl rhimilia In m* ar * *4 ■ ,!* r * if 

Wltu ill filllfilt^l In nlifliili tlir --Afn*’ «i4 I ?n;iJut „ afn i *nifa4ill, 
kfiififi ami thalliii Im4 j^mi4 M fun f$ J/nS* talt.r atriifniM ’<.*>zm* 

uhfnif4» 9 <I inal Inuml tan t a ♦ ful 11a 4 , Mm "4 in* 

Jili« # fi!irrf i« ami ii^ iinifw run* u b*nn , n ant f*# 

ilttnrti iral K|frrula1 min l»uf Ut a Mf i*»> i* * *4 ,ni rifrtf, 

f If I hr nl h« r fjiiinjrtsiln nMn! ^ fir i-f 1 j,4 

irlififi of mlfniial ItV llanfiiafni Irn^ *4 m*\s? |n;r tr al aif4 

f lp*firtl iral M^tulirata^ Tla ' ain* la 14 h ij, r imn tif 

thr nvw amrMhrlira ntfl hnffitin Mr I *n» aim w!nh <«t|. 

||rrfi*t| %il|i I hr 4nnn# | y *4 I hr M|ffn nf & <>i Mt*r } f# irtr‘|if 

\vnr* rffirt^i i*rr tniiwfanfl) Umy imi4«* fn ir/M m nh ?hr In 

i*ffrrf4i jfi^wrl tiy nttiiifi tHia^hr*^ <>m h nl atrl IWfiiiiJ* 

flrlijfh TIimi* f4liirf^ s Irn4 »n*4rrfal«‘ii In \*<ts la, ! -*^4 hi luviitw 
uf niffahlf* rtiinliitiiifMfiH Mill ilraiSinn u* )*r>r rir ^ ♦ ;# yrivliwil 
lilifTiitpin of fhr iitiivr WfififMiain, IVfiJr of ^*ni jnarf.nij % atiM 
fhrv liiivr hut hftlr iiilrnnl m Mir fji§iMr*ft mar* Mr- 4 nmaMitfft 

!it*lmmi frifr>tifnfpiii mal aHrnm 

II'lull in Hi' % r r mini* in tmpusn> % I# at «mif hmiMr ran lim*^ 
fruili fhr Htmly of fhr iiilfr iititiiluT uf ftfriiij^nilVait^fit,'^ nhirli fMi# 
tnihrarfi iiimiy tmtulrr^hf *4 flii»tr»i jrfmwhfM mm ln^$**m* m!nt;l$ 
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will apply ♦« the xttnly of »»«• r**!«»ioi, !«•»«»>"«*wn*un-.Jt ami 
action, we fiml that tin* arc n»i !1 wn t«cf»*r«-, 

In tin* main th»*v arc f.> 

1. Tin* ili-cmirv that tic ;>i .<ij *.»>*»»•• ;**•*«-.?> *4 *1*»* atnlnt a* i 

nmiiiophcnol «h<riva»i\«,< 'phct.u.v .j, - i a-• ..iml -i <* <• 

tain limit**, to the ;u;t»>mit of p am.-hiph"*.**) .;hi *h- "*»* 

(IlimherpM. If all *n« !• "m,'*,na‘ .*n, m *!,-*■*- 1 - an 

pro] «*r Mih-t itut it in «<f * h*- am.*!'* »*; " 1 1 * 1 

anii'loaceiojilieintit, XHt',,If* < i» t II • 'St* 1 ; ’** '■* 1 '*'* 

p|ii*»t»l i.« )»!ibHif* 4 rantnP n -I ** ^ r * 

2 , Thi* *h !»v ivprhr! I fc v* r, 1 *.’•»' ^ I"'* 

din wrif'* f}p* !«% 4r?2*4 y * nm* ' ■ ttitn f # * * Ti ***t 

mi! h t* Tim « JI^Mf *1 ijpp >« J ‘» * 1 ' 1 ' > * M 

limn jrTplfi? <\H* V lit tJ„ 0/.- f’<»?v,\ .1 

nitrn^Hj in tip- isnHt *! p * * * * 1 * r ’ * * *»'' f ' n 

|*p prriiflh !*V f !i#“ 111 * ; rf ■*, f t* {nj ! *4 | y Pj *< M • * ■ 1 ^ ' "’1 

w*rir« A r| nnlsM* ^f t l» s r *?i f * £*4 1 n * '* > 4 ‘*•• 4 * ^ * * J * V* * 

atom 1 *V f* ! s r’* fI#* ran 44 :*'*r i *. 

2, llir tirfwfr tbfPPPi *trb 1 Ij» :tT 1 r # f v 1 i a 'j * air 

ih «li^fpi a wl 4%* fli^ n2t'»4 *4 ' a ( ^ < t , I , * % ,)M ^ 

II* SI Ml ^ ^ ^ f Jilin h, Aw S'* ’ r 4 H* a r 

m 1 far in* t Iim i ^ »r«$# 47 fs 1 %i * ^ r, ^ ^ 1 

(^H'fVC* nil v n j| 3 * U' # rf f w f* 4I >*t »*r if,* t f if*? <bi M 

uci.l, VJi -,Mf (’ 0111 / 11,11 !lir riif I a »-*4 »%- r|n 

p!ii'Ta;M*Hilr a?i*l tlir pfht$\% lf*l%rill ^llin St /t ^sunf^l I*# 

lilimurflifi. 
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I Tip* rlt'iipifrbrrsbfifi I 4* L?, J r.lrntr t hrly 1%, ?4i,4 

itf fiiP iifiji* f lir-pf|4 ? nr % fnu;p b . # " f f ^ bff.rr* isT' t,' II- r,,-/ 

lo$f\i* 4r ’ pf 1 mniilir, li nr n**' 4 !r t ? %A * n't ^ 

rip'll fir "lirrsfnr P*‘p| j4p'P*- * 4 > \ «r rj 4 .u> ♦* 

<lpf*f 4 iiifn tip* p, Hr 1 )r.!< . 1 .* ' » ! r * n * * * % t f * - ^ {f ,rm, 

Tlli- A\ u m*\« 4 1 V rr*ill?*'4 P, * K*- I P?« * r *4 ?r ,*r rr . 

rufifniiiilif tKr Sr ji^p I frnr n . "' * ‘ ^ y/nJ • ,* » ^ %r f 4^ ^ 

i4fi*l mid j ;r' mn * I *n. 

Tip* fnuH :u$i * t| tip . ’1 1 n, 1 *r r, <>• r fp »P|| 
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and f hat it increases with tin* nimiltif <>! )!*< »• ei.cn » 1 .1 ijh'.tj.al, 
, -uni tr-m;.!, rif.iMJ, f *n> r.jf , 
tin* other hvpnntir:: which mu- their aeiinn in pari in tin t * if. j x.eip 
1 umv niciitinn aim ienhvdiute. ( <’H, ; .4 41 ,, *»J{, ,vi i * h\! *jf. 
<'t linn, XH,.< I) iK\II.,„ I hr i!)lhn-n*T i ij t .'ii-»t ir,! fji'iii;J i f >*t 1 *i* t« 
mure clearly • h»m» in amttin i <■,,»- id m.ji ),*n I?, •,?> t ,ii ,* - 
sweetenin*’ nh tam-e, mil-- n » he It j ,d*.m 1 .■*.nh n -h»d‘,w y, . , * , r 

llian sugar. tin, intlri n* <• t m i \ e. ,•!* if , ’I Li •( * « , ; 4 e’.-,l 

urea etliu\vlai«d in lit. j :na p* t'.||.i t < Jl, \ 11 ill % }{, 

Sinn* neii In r ,-iui|*le pi. ml wet n»ir lie i,.« >l,nu > .,m w at. ,u, 

( H.i'O•( ,,Hi■ ,\ 11 ■ t'(> Ml. -inal't/'ui! in .•)’ ],/( < < -,m ‘net 

taste what nr ,rj, we «je he , i )} i<( i 1 1, ,i i J, )■ ♦(),,)' i H -f am 

Itf tin* el In 1 lailiral f»/ tic j ,j , «„m:w „., f * >•*)*'.: heal 

thereimn Mill la* wruiii.M d pm-nneetii., t .|fu i , J| # Ml in « If;,, 
ami tan mia* th.-th In*!.. am, (Jl, u I „{{, Ml « njj,) * 
\ ■ 1 „JMM ,*i I/*, aini *tii nn, all 1 hi re .if a Ik* ii am *h i( • . d fioni 
pheiietidiu. It !• ifMiitieanf ihw «,J He* Mtf.jr -u< • >4 ,,h«!i-.h 
wily ethyl alcohol ha l r<..m<* i-ijm.'i !i»*j a I* w* v<, i 
since the crtrli* f lime nlt<-nt,ou a a dm-.». 1 u. 4,,* y ; Sl 

m jtossihh , 1,1,, In jree it fn-in hirbd *e,d ;m*«•» relali'.*- In all 
of these examples «e ate dealing w,ih ait julia. n* >* w. il,*- nerxnt) » 
“'stem, lie eentral :•> tern i ••ilfm'd »•!}•* 'no ii atm’. n V. dr.tie, 

iUenhnlt, a■ well a* the endmi' si ,1 ■ihe*,e*.j, 

lienee we hall probably J,nl en ii He *h.«t tie . *h>) g*„.»p 

jHM>e,,.,eH a <1 rtam relation **. ib< mn *,-,)< , y t uut In tie- «ni ( . 

iieetinn an nlnrvatiwi wlwh 1 iu**d» m > **i«je,n« “ *«*<4 v, **h Jtr \J)« hm-lm 
may |M*rlia}* he nf mue •■■aimlieam »■ We *,*,« ?e -njd'.jjty a 1 ) t) . ?r , ,. u 
am ilye whi< h i» fwm< <1 la lie in*jjh»v»,>lirm *4 annfn'aw ij *h*thn}. 
wiffranin ami ilimetlivlaiuhn, ami \iha h tie reh.re a * nj r< a*,| hy 
the formula 


mh)^" f y j 

\/ ./ ./ 

s 

/\ 

! I 
\/ 


,\«N 



N'(C*IIt)a 


It wan found that this nulMtiimi baa tlw* power, gontaaihat life** 
methylene blue, to atain the nerve endings of living (?) tMtui* organa. 
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uh< n a* lb* *h *1 \um% non - 

iiikI «!iiiii'fIivC^ifliriiisii il*t i,n« |i»i >* f| t , i * */ 

thi* \u* rmivorl n Hm* tuff of mJ * '»n Vo^ o, 

I ff w I Sit' <mw ytopi’ftfs , u»* *bof*.o 

avttrtlOfl fllllf 1 hit I* ujv :d u o Ho f V, l:/X;Lo *;, ' 

inquiry of tli# 4 wo foos#o oor ; 

Nttiining c*\pi*iitwnt om* pi-finy* ;U?o*<l i dm\}* *<*i ,*o o,, t \ ^ 
viow ♦♦\jin ,, ‘ t » f fl nhtt\<* rtiVjfi’iiuhi* ?)i*’ Him E*<n *4 *?.<• hL * s! 

Tlib i-vnnjo*,« will In *\\ fL;ii iif?i Ih^wb hv * .., *;,*, 

mbit ion lirHii'otj vun t4oLon ;i?,l ,vta»n .< • ?JI i«, y *.»j \ r 

Ilf’lin* fin* l‘\Jfffillt i<»J* in ? w* nulls' l?t iMfj-Ufttr* l;*-o liU'vLr- 

(!« tnnilifji*fl nrfnili oil *b* !,; i o* < L< «*o V'n) o , 2 

nLly }i;t \ I* to hr *lrf» oof fni ;i ‘J’“ * \. ? i * i, 

of Mlflif IHif j.o iti*r i.IiMV, U"iv* 4 ., lo f!,i ,4 1 . 1 4, - r . 

nott i li * a L* .‘I o%» * # i,o o ,] ijv« j. ► o j *i s 

Tlir iiiiiiiiin inLo ffim l< < L » L L 4 >,# * ♦,, * > i - - <i * , , , 

j*a4 foil ioi»i of v li; L oi,! s i* e •'< * \ * , , 

any roal jaoffo , lr \ j i** ^ j\ " 

i-iam. A U Amy «»f aA. % \* o / 4 o < . i »- v j 

non fan! 1} \mn$ m*t« ^ 4 **% c ,, ! w ^ * 

Inn tuning iiimr atnl fnoo ri?4*i,4 \ vh f ^ t tv s » ; f( , 

fIiio lino of 1 1 t$*ly b at J 4 # « %f ^ # ( ,y> , 

initio: 

1* Till* luiliif* rnJirn a frinnff Im * L*mi ^ atfr* a^*#*o k «4 ^ | 

iibff*!y ffillmiinf it %i*iti h 4o/# u t>%dt $ f so 4,*r , 

2, Tfso o%r|ti^tr pt*4**trh$ v | non to r? i*y Sl # 

^ynijifoiiinfrnihy ulnt ii uro M»t ton «o|r s f i*. . 

A rJrtfifff for tlio Sffttoi M*y, fla o *^<r *0 f f f ,t ^ | I ( / 

piini’ <if ucw an «**«»j-si -4 m 4 *!,» u * ;,m, „• <. 

•!»* * Jt**III 3 *’S*l !*» l}(< htitbi^ir’k] Ut* ^-r..*'iT' 4 5 K* i , t * ■ vj, rf 

rMKahiitij' v«j»}» !},«■ ,»•>>.*;.!*, 5 , 4 « ,4 

imjiorfaiit ijiji-‘|j<u» . It* !i< ? ,,. ir v< ,, ,,,, , ^ , 

iiijjii**Ha»rj'ii, ««• »iij i iri ; » «,i, *!•* , ;, 4 ,. u , 

that v..- t'atti uam t,« r;<; h < k s . ,,, . , 

it* f hfjt'fori* i*,#*ry «l.t n ‘hi! v t«j < '*litjhi *.»• Ju'i Untr t» f| iS . ,i, 
ttivti t tif thii t/H iajiy, 
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C )iif* ftf flu* main opi ♦ v*ha It h « tt/r ir an in n*l4 a/u * b* o In. 
lion but wuuii run 4I» l m tj»/a .,H n* » * * i.i * u J#* 

found IFi ill* lari ihiU Ha » to i* i* r a * n f, n t* 4 1 * n,^|i 

1 iiij4t'i Ilian Hi* \ i« Al *> a?* an i *n H<» laolai f ' 1 U-a 

uliunua;*! rriiii't |ifaij4 vu i»* .if »j <1a 1 1 >41 - Mar ,, u * I ,»('* , j *’ j i - * » #• 

In j #iii r* * lion U) fJi#i«* an H oirba * * *4 h^!, H i a «a ♦ t a 

tin* rrlafimi bn %n n |*la a a! ,*vi * I * tv «i <<a, nu* 

fjfUf, In , ii#’li a iu«h if i la * n*<« .a 9 * *<* »,» a a li 

fir If# follow < M a aid’/ ti*||ini h| ^ u ;tfu *u ;tf,4 %fprh 

M n*u I if uf i\»* ‘ In oatuiu 

1 hr i|UotiifIi mi » iilinf HIr ?!;a f Oihaf |>rnn*ff # i u|,n 4 ;*o* 
afill inula! Hi tlii’ *Mffiliu„if j*»n I \i h \,\o m* 1 u* b a, j f if* 

fliisi In lli»* .ailrlniao *4 I h* i lru<f ?4 *,t,4 ;«» a >4* }* h' ;* n t »4 ifa 

m muift m* h 9 «4 flir *n I la « m « *nii| -i 5 #' i \* 4 ,i ij 1 4 ?p in 

flu u i’lifiilimatifitna a* lifting thorp* \ .*bu otn h o j n * t * \m m* 

of slit* \aJu*" uf tI|U « IiiliriJ \ In u?l4# f * lf<" r :ilf »4/| | 4 lilr ' 

firnjirrtir«.» 

Huai lidilltliu ?!jr :*?»' In*? 1. ;*j4*f* flofii on* a 1 }*f 

firair f fi|f|fi*M»li tu f(i*fii air jiftfitf^ i|^i s j * om* *4 ^n4 toin 

iillinfinii , aut| m n U ^ 4* |U* « tin n U m f r i <*l o? nun *: niaj 

llliar |flii|»r| I \ fa <iw ujn > j# 1 $# f f#» * *>< ^ ; aonfm laifnf 

linrtiiin" tu4«nl r iinjinl'i fli*' hj* h* «f f U% * i*n « nt,< m t U% a 

rffinlfiiiiilatia *1 In ^ fa*fai , *#j 4i 4* n>$ 

untilittf oif*|| 1 4 U| 441 a ! m nidi aUd $M 4 0#na , 0 of 

Hu riiu |n*i|»in#i a La I* a/r %u^4*t Hu* 

f#f tfii* iiatnif* ni if# * IrtnrM * ana Hi* f n * m *ii#* i ajji^l 

**mn< tiiutH*’ |4n|a'ffi* ' I la* iHuiia a? Hu * 4 - timh* 

IJjt Iff |itflja*?fi4«. i^lllitl air Pn iMi| i I 41 all > a.si 4r\r%i*U Ul 

fill fill* liilfisn* nf fliu 4in4;ii4«a/ lai! **i4‘ * n flail ai tnilil # 

Ihina* iitr ritllr«l m* ^ 

T«I mliiHt if«ii|t flirfi 4 <Jii Ha | iuf#i*ir, n{ aOna?* # < ft##* \*n%rt 
of ulunit iif^ to t#4f t-U'tmviti rraHa-n f |o?< # { \r4< nil* n% !||§+ 

riiiiHiffifiiia for #lnil> io|a-ra wr fraHa- ffnH Ha* $>mnn‘ ^ mrl! 
lirt flw* p4ifaii|»«'ifii itf i#l tfir •JoortiH , a f.a ^ iH Isflir 

iiful, »ti#l miif'iin Hiu i h tu^nt * pi ?ia ,s*n*' 

tiiiiw by irifclit, vh Hun isainoin* nPifH^ dAbirut iai|^ri* 

t§«% # Billjnr m*ifl iitid n«ifir r, fu go fait im*\ *4 it* ^au* mtp 
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stitution but have the same molecular weight, yet their affinities 
are different. 1 

There is probably no doubt that those properties of organic sub' 
stances which interest us as therapeutists are constitutive in nature. 

R. Meyer has published a most interesting article on certain re^ 
lations between fluorescence and chemical constitution. In this he 
calls attention to the fact that the relations between the color of 
chemical combinations and their constitution have not up to the 
present time been studied with the exactness with which charac¬ 
teristics less apparent have been examined, such as rotation and 
the refractive index. The reason for this is that the refractive index 
of a body is a definite number, the specific rotation an angle whose 
size can be exactly determined, whereas color is more qualitative 
in character, and, strictly speaking, is not a physical but a physio¬ 
logical characteristic. A body which possesses strong ultraviolet 
absorption bands is colorless to our eyes, yet it may appear colored 
to a visual organ differently constituted than ours. We see, therefore, 
that even in so conspicuous a property as color the physiological 
factor interferes with our gaining a clear insight into the relations 
existing between constitution and action. It will at once be con¬ 
ceded that this is true to a still greater degree in the complex processes 
which underlie pharmacological action. 

But it is just because of this intermediate position that the chem¬ 
istry of dyestuffs affords so good a point of vantage for our con¬ 
sideration. I may therefore perhaps be permitted to briefly outline 
what has thus far been learned concerning the relations between 
color and constitution, especially in view of the fact that I shall 
frequently have to touch on the biology of dyes in the succeeding 
chapters. 

In 1868 C. Graebe and C. Liebermann demonstrated that color 
was in some way associated with a certain denser combination of the 
atoms. If this is overcome by the addition of hydrogen the color 
will disappear, the dye passing into the ‘Teuco” combination (thus 
indigo into indigo white), out of which it can again be produced by 
oxidation. 

A great advance was then made by 0. N. Witt, who showed that 
the color properties of a dyestuff are due to the presence of a certain 
unsaturated group of atoms which he terms the color-producing or 

1 Ostwald, Grundriss der allgemeinen Chemie. 
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**riimmophorr ’’ group. ( otmr?mat* ?h >F a? ,! *4 th Ho/ar, tvj ***,<* 
of rltrutunjihorr 1 rrhi fh* i radii o* th a dimmH a» a l -4 \j* t,4a. 
1 may, hmrvrr, . ay hir t hat . a. a i ui#. t h am n m < 4 ! h * ho a, ^-hirr 
group* iiH *urh dor ia<! i ht< tm*’ in a* 4 f ’ 1 if 1 la romp ^ ; a? m( a 

molrruh \ <tv | »oor in mi b**n a?* a 4 Ilrj,**- * **4 a* 4 *» md a, -, 1 ,<tja ( 
nit* ntrr in thr fa f U mi , th> hmip alum t « mK <*m m »Jir 

aromatic H*rir:« 1 \iHAn. 1 la* pi« » ‘ * 4 a $ ho-mm-Om* *ojj> 

doc* nut, liowrUl 1 n i? til ’ 4 ! a * Ot j ♦*»dn* * On* 4 m f Un, 

II/ r o|i«*u/,iiI l \\ fin It |ho» * t t h« rho'jiaa hu*‘ a /*> i*inuy \ \ j>, 

Mi iis 1% tianitiM* it po I i Mi n'lhntM fm t, I * a As nm nj| 

\jct/,ki fi tnia a/of*«*?i/oj 11 M « , h!«ao»</*» o m - * * -m J j iH**4. a i,a Ji 
heroine* a true d>r ^ In 1* ujiaMr gotum ,\sr o-ti n,p>i * 4 It , 4 a ,A> 
uhjrh lmv«* Iiir povo f *0 >1* \» 4 np ffa MUm* *4 ,4 A* t4 a 
*' im\iw\mnM* M radical AVu? ». Thu i;%$ v,« |a.»)A ] m 
flu* Oil group ttliiih piodmf * 4m *4 nu v v\ * harm u 1 U | *j ff ir 

fllftldf* group mlitrli JilH*Slar ha a fh* ' 11 * ooUa 1 0# Hi, ;i y 

found flint of hr ’-alt loitpum gomj m« on! iuftnlau 'I In * 
Ittiith trill* not onI\ |HJ a* id » Mmj.i* o , '°>nu ,4 auOtr-i ^luhp 

itiil flu* mflinil of mil|4fo a»id‘ lait aho in * * ftmo i a* 1 * inOaah 

n% nu 4 , cif 2 ,\fi^<if^ xhcil-h, tmi u ni \ ^ h _ 

From rrrry rtirmriogoro fhorHon , t»o *4 4% nmv \m* fir-* 

rivi*iF and liitfl liiPif m*ii ipi 4 ilmiatr**' himng nn tji§#i§i? 

iitiia Tiuw 

Ariil |lii,*ir 

OtynMilmtiml E , , . > . r , , f ,, , Atm4**m**l*mml 

uvum-m y&th** t . . , t<r|ir^#«iiiitii| 

UtmAw ip-til , . - *. ll«-##fiiliri 

Tlnofiol ., . . ,. - . » ». . ,. * IliifiiiMliii 

If fK*vi?rni iimilif tiixorlirfiitii^ ftrr inlrodtiml intu b rtirtittnifrii 

St will In* fotind il»t ti|# lei a iwfain jniifti tlir uiir#i#?ty «f tfir nhml® 
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}mi mctifiomid, tint nliw with i\m mmmnAmMm til mtlmm mtmm m 
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Thu* by allow 'mi !, tilj4mi b* :in*i U* w f *m umL?* vnn ft a s vi b krmwu, 

jh lil^ll!) fti\jr, f hr ftryri?** , rtHU| Ji !< !\ »Ji fn i Lr tt tf|f . 

in# Milfjiuilir urhl rati b»* tnlm* m luir « 1 4 m *■' vi‘l f n nym In 
Ilki* lliniilli’r fill afliblnU'li/rjr ,vnl utr I ,**h Or ** . m a» ** ? 1 < Ilis’fii 
iiinl piira*o.\\ aval <l*b\«*j tu<n* | hr?,*4 v. h,ir tfv n?t|iu 
bfitflt’f F»llil*vlii‘ «l f #‘l } fill «*%hihi!' 1?^ I nIMmUfll 

fbrv an fnr b if 4* n, ** than tin* * f pb* 1 *.] I la v?f y ,m* 

rr till f Utifirl If!* h * r«b« 4 1 m J.IJH h ( In IU 4 > « ;h * a , F?l r 

by nr iliiiifif! that f hr .u al *bmat . v» vn inn 4 jJb< nh 1 m m, , 4 </« fhm. 
f li«* nnpitril ‘ ijh >f ai4» r au»i I In! f L * % f hn« h*i «• <‘m nr ;n tin? * v * *** t* 
from flit* ti in •, IF?liiiii «>h 11 nf-Mi t l»^uut t p hi' h 1 f ? 4 i/|f|a 
Hiiiiiy vnm |iimi<nr Iv in #mm t,«*o w f h f Fun? a him# bit 

Vf*r\* - v iiti| 4 «- m pbtfinf nfi, J lumA tint f!a | m* n O* ’ f no fry, fa nr 
IlntK i i j ** •>%' nl by nulv u n Al f niub* r u{ .Iv , un<] « j*« u»y 
by f nrUiin b?t> tf dyra Fhtwabtr I rioauk laitv-ti nMivil mb 
jiliirjifilSi, lhivuiuhtt, umthi i* ur Mn<v wb«i*.n *4 ih** ur« I Fi- m 
wlii* h Oil mrlil ttfn tin nnm bmn m/j*» i.^r alymat 

fbb jirrpitUv *111 u\r, v.ha h u ! nl| bn? a 

nuiiral mit«r f ilr»ibifrh lirfat I%#v aial I ** iriivia*4 a %rv* larya firfnbrf 
WIm! r iMj#rmlI> ^jfinfiriiiil r ffiat *%*n iran*4rr| ffurt 

jirfifirrl v nilirrly if ^tilbinsmirpif mi ?r «•<! n f;r l 4* Graftal 

ill fbr flanifiiliii ^nlhmu an*! 5 ", fhr ah/arm - at vk i*n| t}«r 

Milfbiiir iin»l« ilrrili’4 lirfii iwllivlna* Un | my fh; a Ml*n ♦fvF 
flu* jlilr#«itl«li*tfi nf thr $iU*% r f al * bavfy* »bi ( 4#'^ 
tribtlfiim rn fill' rn lilvl »:nriv *^|#*< rily a r*,^(| 'Hr 

fbii iif iir«iriifrn|4r 1 hr irnnaf vj »» |rfvM«n ^ f« 

W I , xj4ltllliai llifirillly by I*ti Ilf 1 unailatraa rf Ibr !nw m 

tin* r<*nfr»I nrrytfin mih r ihnrfvfr # if 4 r Maiftnl fairt ut \\u* 

toxin arlinn fi;r« lia*n itifiijilrfrly ijnirim*# In #mr^rr«ni€ f#r#n i#f n 
wilfomr mill rmlral ti* fif«l that fltr tr.binirti ir s*r,yn irmfily 
I*X}4 |OOhI If J« fiblimpi f}nit iifwlrf filter haf 

JirojMTlli^! wtlirli fill fail i|r|'#*ii«| «^f| fi # r niiff#! fa rnrn '^r4r|fi fynv 

1«? jmwrii^l inf art, Tliin amirijitif o* tm fltr bh^iil 

fltfifrtirthr jir«j#rtii^##f phm%lh%4n*/m niai mr #iill pr^riit 

in tliiir iiwfifi^iilfiwir umbi ,* 

* Till? ftrtffift t4 liir*v ittfiil#ilt#lp»fi» 1 # fan 4 # tlfwrf m ll^r rfufffvni 44 b 
«t4m% bill tliit* k pmimhlf 4m n» il#*l^ri tl»i tfm n»»I 

mm tmutml mllmm r«*l^ »b i *f timti mhmv* ilm im%m $mmm *4 %\w mmU* 

fttiiifi. Tilt* fiiitifiltfig mfmti #%pbm* mby ^Arndif mt4 wlwh •# ilrmr4 
fwtii anilitt in 11 # bt#ml pbMsti t ikift ill if# #alJ»*mf Ai'i«l Iwwnrf# 
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thrnr 4 % \n*f * «iirh iin fin 1 or #n!nr - i tf* v n ^^ 
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logit nl iiirfhtaj 1 nrr imij.jiluntilr, 

Thr ih VI, frifirr Jlffririli^S hv tnur t nl u .rf t A A i 
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}*llltli**|tf if#|i"i, l hair fiiHi fta taMhM ?«,*■* r/i fa* .f ** M «* 1 fiM 

tjtnrfil-M n itrUnnl illi in-*# M m* 4 \l *:* fp h l* 1 *© %*« Xhj i^ 

mliirti <}i***«> «#il$rf%i$«*r ♦ " 1^1 * !i?n* 4 m if I# 

Ttii^ tii#*f S**^I It M#*©* <? Mli * xjf*« 

fiiiljv g iwtliifi dUptiittf *4 ltii ? 11 # i%uu ft rt t| 4 r## %**ry 

♦*U»y to fift4 1 liliirJi mill MS ffir iififfftfitt Hi 1 j*r 4* pwt |^f|i^I 
♦if tiffin 

Although lfii # wn1l1.11 til fJtftp# n. 9 tj»!* 99 ni<^ll-iiiffvlii*^ 
iiiitii miB moil vnlttglikt it **afit§<tt I# yenitinttid that through thrift 
©tie only <li#i<tivi*n* tlif Injury to thr ttt«*f #!i«r#!iii!il# ftrg*ft#, hut- 
that Ik* f?#»rarfitf tlMriHiifioiy »f a fvrtnrn **nh»x&ntv m fli# *u!irr 

©flillplll rvfllflllli iifiitiiowii. 
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madilv fnliim in?!, Jn;*rr»* «'him ;4h ;i f n I t# if# $1 ;i?!< J? i t<« h* 
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4,»jnr ; suli in lin/afifi lil’if tin njhji # *nib? % AntA. **U 

Ah/,mm bfw t^'plra ‘t4isni4 # hrao> an* I % Atn \ ■> ■•Umn *h< ,-M$h 

itiiitiiliiry p)m4 mtHi Gf*?uvn*v A , i *4 j ? *4* 

.'fiiiiiM m*» rtav mritltmi fir ifru! r *-4 mA n h^;*- 4^*\ itmj 

lilii^, fur »!»«'<♦* '4ani »f»* 1^11^1^,11^4 itit# M i4 

njifnrrfit!^ nmfmmh If n ninth nt?f flnf v 

nf IW 1 )* *lvf ' tA{il»4| 4»ifi f)$p^ ^ fn|» 4 )||» 

A* ' tt*43 'iif,4 

out* aiiof Im 

4li«* \nriafiHli ill fill* f?<nH*f4n » r r, f | , 

tf* {nniliarifi^ in f 4 rvtH m , # | r ^ r . 

fi«in urn imih;$hh i l,ar ( n-4 1 * 4 * 4m fi, k<f f^ ru «/ 

If* tin* fmvif lo’ijout v f 4 h in’ 14 m 

iilt/ar»<* r:mnv*' im4 naiiM. pirm ^ * * • ’i W((l » r 

n*rfrfa#rm iffy ra ik fW- ^ h*< % * j 

thm$* i hi* rif/J whwh ihvn fnn> m,i ( , U n* f*. I 

flip^n*}4 fin US** or Hu , | fl , >( #l< , } ? , ; 

flin i ; ii/m|>* 4 ij ntm 1 1 ■ ^ y* >nl» m < I »^4*.^ *» 1 } } ^ 

mmh front flia/otai^j nt/i i.aylrJanNtn uVm * an i ? 

f ^ H I#tw#l 4 r Ui,*t 1 ^ I 4 n p | t | * i ^♦ t1 , #r 
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I $<* < j4r fli» „ huvt ! *» ! * »M lfi »* 4 *4 -mr * ! 4 .<f • ’»!* V r *s ? *« ah #i 

pffVrf «l lun i* ft slut »i l * ** ^ r »Ji s 4 S i *1 < 5 * j '! >4 1 Uty,! ^ L 1 i. s, ;ih* 

t*\nt>Utiu ihfnir^h fin 1 *4i» • Ait^ y>* Jr th / * - * s j* 

linfr u * ml# 1 Hhnb »• m 'I, * . !» L .* * *>« a is* v « * J , 

i* l’ r illfll MI Im’mI, HfsJ *»♦ l).' 1 * si, h i* 1 'H.'S iS ^ ' * ■ * 1 s S,f 

f»oi ttfiuij 'iIImiisj i*m i O - <»i*» ? <! s . ’ I m I . J K < * m*.j 

IIiifl«! 11\ 111% * 1 i *'4 s *11 Si * 1 f !' . *« , / 11 * i 4 * u h i ' i rf 1 * 4> 

flilH’l' V«hi*fiHi«m t!i 1 1 1* </« 4 ,V ! h s f J<« S'*H» * f 4 <i t m 

| i',l JfjtH I hr V Sir m« < r ' « ,. f ■> t) :>, * s«i * s ,'W 

ff» pa ihffMVlf f Ss I 4lP * h " 1 T Is < t ‘ r ! i ‘ 1 

r\* r. ft’** iifif f iimJ rkm4 Mf Lu j i sii *h* < Ism m* h <« J# 4 

Mill tatirr f«» pa ’ 1 m,nh 

4 la* ' a! nan rhm 4 4 ^ s<’ - 4 s 1 m> .mpaf ,m * m <, • hit vm 

fjt§l§ ;r ? Ismii In tip f s f t sshtf.* SiS/M «*, , >| t , - ;i 

i« wit at all Mtinfisl, m, 4 ai?h f * * !«< a # a 4 » ( ? s * ‘s< r 

trtif 4if4ifH InifMl I \u aj4 ,si* tss, . * I 1 v’ t! I4 * #| r 

Milhatv i # hiii4 him i<m 1 ^*41 s4 t\iU 4 ’ *<r#j m W • * 

millt iaifM ffifil* tails? %nfht Is ^ ^s s < f ^ ss, m * { 

#»Ililill IsmIw til jf hmi|4iI' , h*ia? *»rf 1 h< ^ ) f< i\ \*v\\ ^ s tj f/ 4, ^ 

sun hi* rrtf fiMiti !h* j#| r 4 *> '’u » ' « / |^4msssIii 

i«wli*li 4 ii«liifi rMiiihifial sir' nisi fhs si4 « » f s,m . sn Is 1 h w 
iiuifir miim' ^ i' fMft^ shils j.u?a) h« U t^h 4i 4ms 

vlf fifliiniiiis Uths 4|m|S4? mm v * 1 m*‘Sn hi# I jsimn 4 * 

mliif'li ins in«?H«'4 ll>v t;!4uSv4hMn ^Us4 m! afsl 

ihris itn*'ii«i» in iisi l I ^ h* * t^ ^ 

1'lli f hni*! ifii|#»i! '#t«f f * i n list f sii u t l 1 hs nft «|** >4i 

fir iv 1 uni i* Harr th* **iAx 4 *< < ?> » »»s 4 th# m sf,v« 

fftmv ##f f|p |i}nvj4nii atr*, j #? “Issati ^ i* -fir^ 

r«inrmiifin thr fliniif^'iifvs, *4 ffiah»rri 

Mfirfi frniirf nitvila'atir* $%Hut fhr t « ns J 4i>f t <|,f 

**Wily flrlvrfiiiiiifil! it# 1 sf fir is sf ifir 

ItlirfifM^ilffr I filial i«il% mil \n tum4 u^hl massi.f <4 Ivrfm 

Hidings 1#| fllr|lfl% til flisllillmr irhfp a pn,* s|,44Pi haifrt 

mm U*w ihmhm ^ Ut%vt*mnkf nh*4 »in> k m*> »hll^ 

nilfj iiii4 % hi* I# ll»fr<vtr |«*#«| fir fifitlr4 fur i < IX < 4 % |^# 

»« iish!i ||ptm U%&, inrtli|| m*!*v w% hm *t silr* 4 #* tfsmn 1 

fetififfrlf f»«iMlii»^it^ fu ifu* ■* f «f* f 

ttelffwil l Wifi (If |^®#|f «if I#**♦! if»«4 f fir, f*tjfli|j 

piitill #lw»mr«I m mptmrnM m*4w nkt #4 a#»i nm*4t4 vl #1# mUxml 

ml liitii %\m Ivftritil* 
























i wvmvxu niwirn imx \\i* ill um \n »! *«.n w. miha, ih* 

oxltwivf* aftjiltntf ion in flit* IjHolttfv *4 fit** nrmoo** Tlrft 

linn* an* lb w§»ii?lttini t if a! Urn* whirli ihr inaj**i 4 *. i?f piannl* > 
Ui\t* with tiffitnii n *1, a??*! ?1 1 # ifiil * tain »4 th*-» ana* 

hfiiiir-' wliii L 1 ',’iti I >r 1 ‘tfn‘lMi v« j? h iiiilhanf rrr > \ l I #1 f i» * '<**;«» jn *h» ! 

l nititpif Ip*fr nift i into till o!h«*r fitif nial finpiThift? in.*! 

Jht flitl.H. 

Bmrir f in ‘ narii taiii §«**'« * tf *mtt |«Tohns rhat.M f*4r»o < 

Thin mot In Irnr 1 hr ‘pit f rtintm t hr tin tr «iahm* , air I a u *tul * t 
iif tin* ma t lint r » riawilr , * hun n4« h r hi Ur* <«ll |«nf , *q>U m <4 
flit* inaiah *4 l.aw # «jhnt>* *4 f hr j ai,rn a . **n*L fnt f h* i, a! m on* * ?** 
rrlh of a «*«i!an. f *asfa uhn fan* fiij^f n> \\ a,, > ni*« a h I 

mn |»f;** tmJh rf*?ni?a» *1 ? hat jr fh» * nhn t n t f nn nn « !»♦ 

fihn v, ha h ran h»* ‘tail,* 4 v*I* if a * h » 1* ?a hha* * ,m ** a nru t * 4 

f5aii«i‘A inf a?ai jrfliai . r w j« a * oiopj* n *!» on *4 ? h* Kh,*?, at?* i 

ill* 1 inatitn I of a '!).« * ln>; * J* ?ha* t,« « i f»»u # ;* t nn 

finoot?' lii»i4* *4 tl,i *** 1 * 1 hi trfh » *»M ni a?,4 * <4 i ;4* t \ 

fintii iffp atpnSaf In *ninf m; *, *.* 3* v in* i 11 .m 1 !a rn4*aiu 

rahhnnp^i »4 t h* f u? -r mail | ^ }a n i al n< ti«» la * f i} H - , « • 

tfihnff'4 uni «*ir Iitnnf t;Ar %n ■ i ut* i Ina 

tthai r* f nn !♦# *4 i*i# n iftnn* i aia« t»aiai h , Up hat U, n ^ \ 
MlJlhflilllifi It IP I \ r^: * I slnallSr lirr Ima fm^tpwiu i;ir a! 

ill tfiirf aii3l«nniralit ?iiaj hp4t^*n ahv In n 4*^ tp tal 

m rtiiirarfi^r Hn ihl> nil** | t an fa t? Ilif^ *4 41 fitiiri $|#trfr.ni| f g 

^rnnji^ «f n g f l|pr*r llial linli inirltp ;ta!H , #'tr 

hxmily flir ►Iitnr llfwrli ir*| ?fi fh*- t »iu* 

Ilf film flJiifftli^i thiiinnhiaf i( mr n$ti«4ipr Nlhrr lifpla r4 nh 

itifn thr }*tph, ?t inaffriM f«ni tthrUa c tfnn an i^ll ni < 4, 

nrgamt' or itiorgnmr r*ifoh*nah**na or nhrihrt thr v rNiin^iifr 41 # * t^ r 
niJlv ntiltiomn an*I Inflilt ♦ It n;*5 |«n^hn ? ; Iti f» m t<if 

/n hjial! |ifii)nilf!% liat«* If! ffr aniit* liaif . Ill I ?45M-»I v bn Si lilt * LrOia ally 
Aril arr to n grrai «nt* nt |^»hfro| a it* * hai a* n i In ?nv 

‘ fiplim msli m %rsiil r#*atlif 4 «I* inoi/4iHhtx in tnranu »4 u4/,f 

fl 4 !irf$nfl« Slifl flr-t?ilil|f|Ofi tiilf fr,|/jth !#« h4hn%r*|, 

I Jiaii* r«mifir«^I fffW'M tha? ilii- iipfiiata h;r# * a a 1 * 0 ^ h ( * f >r mi 
tiffiiiilv for ifiitiy t|ii*rrfif lm4n %4 i*an 0 # Inm.* if <0 *4 fhai 

f hr 1 Uim nl it4)nty toan?h‘*4 y If m oiih oti#* f f|a., m ia? aav 

ffifitmtipl^ l|# # j#4vSfo|ai rhiiffntir *4 thru* * ft 

\%tmi 1 ^ r**?4H a mafirr of *oor*# that airing 4 f 4 niJ-*r #4 
trvntrp Ihrrr 11 rn n»in*’ ffiiii nr#* |)iifi»« tilatlv ^ r|4 h?^ 01 ^ mI 

injiin , To wlia 1 f \irut oilur m* *n*« i# ^ ^i* ^ n *4 
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flirt! ftm w if li n\\fi-ii ji nj H ?, •#* ?« H n * 1 ,4 u>^nn 

puh<mlti f r 0 i, inn **1 ail :Jar . ] >» a. . / 4 » t * 4 * u 

affWt fli«* r** nit ill nu\ f rf ;w* is » is ** * ?.* I * 4, a * 4 \\ *. 

find rsarfh flu* 'ilia* «»*j|,|j! *4 i»t i ,i<; > a 4 1 1 if 5, J I* , * 1*3 

Trfiifitt j*n nil, f*«l * an I V a , K >,u 1 % f H* * « * in# t < uf 

1 ti lint Ufft; \ aii*i , iiarawj . > 1 a *#<*,* > 4 'u i/-, 


\\ hrj ( i ill »#! ti< 1 *4aJl#al 

| i! <! M j !/* *> 

k n ! i f » 

- • ’ '!•’ 

gr^Ujt iff* pi* t tif fait aij\ 

#!» ?!'* la an ! 

H i ! m a, ^ t 4 

■ ! • s . j .,1 j,. f 

01 riu n| )i» a •*! ma 

1 a!a?,* * | li 

* 4 | r#a * >•! \ 

f' i 4 , * 4 * i i% 

in fiiftra pn*^ i 1 »• 1* ?ti>l «J 

a i f Un- ' 4 J. 

a !,* iH 1 * i * 

| 1 *> * 4 i l 41 

jiali t| ’ # il»raf 4 lii'<*i 8 1% nr 

If if ♦>!*»!* i «?4 J. * 

^ >m 4 1 

f t> ! i/# 1*11, 


liinl tn a Milam r*?#iii al <0 it# Ha ?>H? 4 Dnnli ! 4 r 1 •« / mr* 

r«*f|iiirr«f tW • nl** iitnH-nn p##, I n I# 1 *J* * # + r«*n>, 

part of flu i' ln 4 !a»H *4 I ^ 1 l** y n« n» I-. 144 ;*r-j ifft^ 

ilrflrHHl fr **114 Hr tinial.f* 1* 4 nfi'il# 

Wr pit iiij*’ r* m4 »* a** 4 ! I ,%i *j. .* |^ %f{ 

Ilf flint Hill tlHlrritiftfi p];p an itrfnMritM to’. *4 %!| ? «,p, !t> 4 ,r jjf# 

pffilin>a and that Yvr ' InJI y*mi 4 1 * a! **> a a,** f n» ;i > 1( f , ,4 »§*^*, 

tiiily if ri'initil f Uv* I;p fcii m;j 5 4 < #1 $<4h H 1 #a ,u <*av # 4« 4 < h* 4 u n 
tin* twi> 11 i**t nu r fa v^Mf p Mvi \>\* ty>y<< A * 4l fj> r 

IlflKlllflt (if jrffMifi pi t },i)m !«;<{ 4 U» jphi f #^4 ’ 4 |!^ 4 U% 11 af# if 11 if 

11 ^ lutfi ji %«*fv faf fitir li 1 1 1 * 4? ff*af Ha* * Hit# *4 p*huny 4 

t!|tfit* flir hnufi ill flit' * :v * a I f| SP |fi Hir Lifli| 


IV 

W<* tmw tiilr* tip flu* #|ii#-»i»«ri m t« M*w !ln« %^nriml 4mi-ftlml,mn 
t»i*riirii» An 11 rnli* Itwa |r*iwfiiii€ r**nr!i tlm* iw»n»^ f|ir«nfli tfir nrrii* 
Inf inn, an«I ^liiiJI lfirrrf«rr ftr«t **iii<|y iS*r ifiiliirtir*- i#f i li*- vittfrnlur 
ny^fntn «fi fliii* ilMHIiiifinti* \ sa«4f«*af - #1 »r »*!f t;4 <mm t 
ihnwN llint ulllifwigti tin* rirriiliilwti 11111%* U* tin* |frrtrfiiii*!lr, it r*n 
in 1111 nmf In* Hr riti^r «4 tli- 6 iiur 4 ♦Ji«itilnrtlnti nlmu*, 

AwmSitii t« flit* vw*u‘n lit»l*I Iff tin* finijfirilf nf in%"«^tiiti»tfir« »ti»I 
iiImii liy inf* tlii« Iwriiliiritliifi in trflmn mfgnm 4^i ; mmh in **\t*t\* m* 
nfitnrt* nn ruumm witliiii tlir nntl fpii *ifi flir tji*rninr 

irtjfsiifi, ¥m t f \dUtph* $f m n * \%^< m ju } *** ^ ** \ p 4 ilir Jimiii 
nhown tint. §t fair nf liiliniliiii mtnrntinn, »li$|r i»i»ni* *iilirr 
iiirli nn ksdm*y f tivt*r« rt*\* nn* »:atiiriiti^I with tnlr fiitiii«*fii, in 
my it dim In llit rfirnilftirf «f tin* limin ^iil*iiiii«a Tl» 

bmin Isfk-i ail iticli ^til^fanrt^ iitirli iiir®r| Inliriiliiii, iliaf i# m 
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m 

t uv hilifiiliifi h nut ?,«In t»'nfJ nm » 44 :*uj 4 i* a 
ha ht't'U pnmaih'utnl. ** ,<« ri;iln I \ thrAt v< M» a *tA* a 4* * 

f<Vta ifi tin #ii ?t ihtif Plf. ill pth t*U In til*’ It * 1 ** 4. \ i H r /lf 

i*f tn # m\n lung miiri' nifli Mu f?mtt f na ^ *4 l|, ^ f * 

I mn PUtihh* f <» ;ithv tint tin M * iln * t*»i#I^ 1 .*? 1 p n*i 

ri-j-- iliffi I«1it | p 1114 I ill III «Mf* f * t*t nj ran u tin* fn* * Afhl 

II l*\rr rapilian i |nn?n’*hta f*a *»Main au *an«* *4, h v «?l * m* 

j nt' f hmurh M’lii'f * af 1 %! n 1 

«tn t l$t- Htlm* han»I fta in, r ulu \ u m \&u\ * n F * *’ rmf mu .*t4 

in a * hfh f ra? Aj?rr» # t t ?» a. * ta nr !t#n 1 h« sm ? *n ,*,r ®h! 

it 4 l_r f % fin #|*1# . Mn* r H^ S*>J ;** > nf»In 1 * In it > 1 * 5 ii f 11 * * ? 1 ^ i *’ 4 h 

ilinviMr *4 ]t;u af 4 j a I* n* !.; k 1 ,im! Irmtar *» 1 4i u a* tM. 

: ?4l* >| jr ;n *4 sfai 1. u a| *a?» Ml | f,«| ta f j ♦ !■♦ h I* h * * '"Mr] * nr 

| III »f t III l * I ' J « f * Jh 4 *' .0 * «‘h * J * <4 it * ^ f Ji ^ h' . *u 

Tbr | ht * v.ff« ,t 4 ,sh?j, ?f** * f i " 1 4 t» J «»**?♦ a*» M <n l a * m. 1 ta* ». n 

H tijV j | # r f # |; | hi ?4 | >»? 1 Ji4 4 * P'4 1 * ? if 1 1 »»’ > 1 I * * , ^ » 1 ' 1 

I hr UiU r IS * « f t hr 1 a 4* i V 4 « - ,4 * *« ^ ^ r> 4 4 * ^ ,1 ** * ' “ i 

fpifi At Mn J h ft »n nn 1 ^ n,4 >i * "h* 3 n ^ r, 

rrfHt f,.44« 4 ,U * m| 8 4* *•#, l4 i :,: I 4 4 rn Mr m 

t ,% aii-jt.af ?m% tan > # !i%t * h, t - i ♦ f a * * ' m 1 Mrm $ 4 

fii'if Miff* 1 * if^urrfflv n nit 1* *tu 4* m 4 a i ii » * 4 * ta n f t * a 

Ilf# a III «4!« K 4’i<lf, 1 hi rtM '>hi r l*S> It 4‘ |4# ‘rf t$ j f Mi ( 4l 4 4 

it ft 4« 1 ftr ilrftn n| \ 4 !*t 14 1 4 hM|# ; u 4 n f *H * * #n«4 

t trillv ahM ftirf#* r^ 11 *rtMri atnnitJ f f i^ur* Hr at* tar 

flri 4 i?j|! ®ifli 11 tit tn m| f$p#fliA#«f#, *41 4? rt i 40 i# 

Hattr j 4 film!ill* that f«r art 4# ihf 4 l ailh a Irfhh rhr»*ai 

{ittwliirf fil f hr firifafita litjrf^lnsl^i;^ '* 

Till' fjttmfptfi m I*?# li ttnm aim tn %%\t% , Ji# fSi 0 frnhtar *a4s | at * 

af ifir iim rim* a trrv s 4 iiiill imrf > h^i% tfr^ 'raasr^ 

If m\ir ^aifi ^ri 13 that Mir &rM?s|* rtl afh # N 4 '/.I n ;i«4iht 

ftftr in filler fp flirt- t h*t 1 i%r h irirt-fran ni m f h ^ a ^r 1 i**- i! 

♦If * s illy f I ?*n<r f r,*t I* 4 4 lL« 4 ^ 4P»i 

faUwh U* in§4 *t ^ii#4rf ?ta« 4trr { f; p *4 II f h, #» *r^ p** 

flirtfj •*. 1 %*■<%k fi#4 II *< 1^-4^ |%n# ( f », ( f \i 

# Tf«» 4 1 4i lw.% *»• §4rf4lf »fi 4 U >f»nlf»ur4 ^ |‘ t ,>k %4 

Itr Uvhn* llr*l#i% is'»irrn:»f 4«* i*l ♦*» a**# * Mja **> ?« ^ ^4 till p /m If 

Ilf Iwitffl 1*1 f<#*f tanrM lTMti H r | 4 \ 4 | 4 ,t, k f # ^ a I f t r 

ttj sim ta» mlnfi %«ft • it ?i# if *4 nPh f1# n &r**$u t J is*** t , fi . 4 ? *» « «h f 

nta« hfM'iglr in n#iif n l I & *nH * 1 ^, « /4 ^ <ir* !,# f tL#i 

taitli ftara| 4 iri ^h salrtimt* *»r4 fnf 4 ia»'l* 4 | i;^f *5 f 4 » ^ 4 **^ 1 # 

Inf fpw taiifcfi 1411*I hi 4* k slf#^ hit l» 4 if *lal 14 f # t /m 4 *|*!r 
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Cf tf IJ-.iTf 1» > 11 14 i > P* 1MMl Ml S 


In tin* ilHlrHitm *4 turth*. l*m** Km i>‘ v * ;m * f m ui* ?Kif 

lia\f jprmrufM a pin anm* a*a Mm! m 2 * ^ t s»2 , a 4 a* 

US of f lit* l!f<»«|r < if :i*'f jfifi 1 4 * li* Mi 11 ? * * ^ a 

Tiff nftfrti if r hrli.\U«»i .4 *' *• s 2 ? i i s j * K' 

laraliziif inn nf a rm lam af * '*»,*’♦ r a ’’’Mama P a : * M| m 
poMlilr i * 111 \ fliitai* !i f 11* ;.i * 1 -a a* 1 *2 -> * am f 1 <#f mi 

rc*fi»l»ffiiit f^li, #*U‘U ?!?*aj ,> li i L* ‘ 21 f i * *2 1 i * l ** I i * & * i v< Mi 
thi* firM i nifihiaaf i**i* V«t mall* P*» < * ^t^I ^ < Ma f i m* Jm > ii? 
fir tlr fin ill -"I l at * *1 \a 2 b r i M -at if *. * ml K * K a,* 1*1 M ,, 2,-' K 4 

in | In—f* rati flu ifimm * n r i» a! »Lff 2 v< ist 1 > <* * ‘ -o r -4 » 4 

Tlir jfilluuiar irnnmpl*' no * la ?» mi *2 P . * ** ! K* $ K 1 *• * ,m* »n 

I*> limi* 1 t b** *a » # | l i m •’* j I .» a m P* < * a/ *' mmtnm 

lilliitillif *»f la Min! i« i| a 13. M 2* f» 2 * \ * * 2m . * * U* Pmm 2 *2 <1a 

gniv iiaitft'i *4 ila 1 i mi IK a t \ 1 \*t * 2 • »n,! o* 

g»\r nm In n 'tummv »4 * V ft?ii2i*tK * ? Mi 1 m 4 f^y 

fun finiiiirh a f mump *4 Pm M. m * m2 * S 1 #* >".« ov i If*2 < 
ilijrrfnl %% if 1* a mj\t m» af »m !li2< a* * K* a. I I « imam tr^-Afi 

If will In* fniilal ?kil fli» ftilaifm! i ' M « A * ,»<«f 

h1iii»1«*. Tlir liliJf* % >r\\ ?<arlK ! n *' I 1 ' ^ ninf l f a airj 

in i$ |irr(iiifa # mn in<affii*4 «iu u li4^ *aS* 4 1 * M ^ <« mt f.4-* ^ 

llir liliii* n#|#ir ran 1 m‘ i rim tr» 4r afsf # ar Inmiaf #*t r« :% y\n%- 

tirmiii hIiiiii. 

Ilir nlfirr r^Wlifilr in *11 tff**rr tffiliiiif If a i-i# 

mil tin Miiliif ifiti nf inrf livlrtM* *tnr ni%tf»y» mrllmmirlii^l f»fii$ir 

irtg nf till* | 4 !itirn*Ji* *it?r rH|*«aiiiil) f#* Ii ■»!iiiliifig «»f tlsr- litmlt^ lififj 
]irn!n{ilii^fi) *tf ftir inhimb *4 1, In fi»t rmv Im %r 1 *4»* 

w*r%'i f i| a fiifiifig «l ftir firr%r rfrliiiM^ ^fwirf lliirnr rfi|p|ili«f|» If, 

hmirviT, <mr ft«liS» rrrtiiifi *4 Itir !rif4trtiy• Itt»rlfmtir w*fim 

In flit* fltlttl iiifil«wl # tlytw U'lttrli in lJiriipr'|%it«i «|«» fi«i ulitifi ll»r* irff« 
rntiitiiK, # frilly luimlifiil ^iiiitiiiii *$f itir iirriif»iw#iiti-» frri|iiwillf 
omifH. Ill fli».« lifiil iitlirf wifiiilif rjftj%r# | itml if* rtifi 

only ft.«iiiiii* ftint tin* favoring n ifrw.|$f»riii$tiii »»f lit# 

fiiiirlioii cif flitt ftpfatr&lii* in inifl ilwt fhi« rmrit^ itiih ii m 

rhitigf? in ilitt ttiilii*ii l# ift*it»«I almv*. m>4 w m Ma* air 

prirtifitg jiimw, ll m fw^ifil© iltgl rifiiiliir f»ci,nt^ %\m% piny n rrtf n«n 
nftli* in ffinfiy mbmmmt of dnmp, n^mlh m or 

|i«, ili« ncmml main) •III mmvia into » fart: mlmh m m mdl in 

tli# itfiitiiitn »f t Ii# wilt fiifiliilfe 











CHEMICAL r< IN.-'TI 11 J HtN AM) I’ll UtMAH )|.i«;t« \l, ,\< 11* t\ l-C* 


V. 

The »mv ari-**"* »> !<• Iww \u Jr I In < •«*»f 

Hi.- fimim in tirrur, ft v* %t*r\ pri*l*;il*b n ftratn ilntf mr m* <)* 
will* vhvmh'ttl iiff§?itf i»mn f In u i»|rM ini ui i it*" u*nn \\ v immi, 

Iimir\i1 4 , «jfinrtm in ibfail f b* Ii lit * !f»" *4 tlp^-r ;ilfj|iif n In f!ir, 

I JiJllM rififtltari/m %\r ftfr *|*'nlili£ fHifffli!llv mill ^»ilfnf§i‘rr « In* (#, 
lik*' tin* fuiHinii an«l nr fifmal dnifn, imp {mm-sjm* f* » fin' , 

lint \%sfil ft mil '«*t tiff* rfi| till *lc *4 m :? ?ff tilllf full, I hr |pf f rf ilflf lit* 

tP\'ttr«| !a f hrm rh u * nl • »nlf« U* I'. 

I b ill*]4* 1 i a ** i *4 it tit v H) I, * In ufpiM fa * ;t /*> f * * I * if li 

fflPPf* »♦•?,? 11 *, ! 1111 i In 4 Hi i ?nj Inn ',h * I *< ' * l * !,, 

M*n< | .* *<> * in * t « n’j * * at j* 4», a* <„!, it m,i i i 11 u n * ) i Hi »*4 

iif! fMn In? *♦ la f ? * 1 ^ f‘ v!» t « j* ?n ,il « 5 * i. I * /'* a 4 mP 

f* m* * If* M Jf ?' f * H* n ’ ,*»: , i * * a! ■ * u« . n ; },• ,|, # , 

f at n<ifi , « a *< i ni ♦ * _l » f >> i\ * ? a i • * 1 t $ ’ 4 n 'i,< -n I ,* ,t m ma* 

liftfi , Ui, v a f* fin ? i \i* * * ,m * < m« a f- \ ,< « I . u , , * 


thtfi 

f II IP’S 

„ ,4# ^ 1 ') if p Pi 4 

a : cl » ’n 
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fat'll* mu 
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!fa in 

rifnl t|,,H ffn 

Hi )!* «f air i 

mI 

% a i, 

Pi# 


iH # r 

i *) # * 

inn 


Jill * b r»aa 


HM ^ 

4|p 

1!-* 4 

IP if ? 

1 5f # 

r ait, 

i!j» 

fjli# f.iifta fniti j? 

«ifif pj a ^ it a 

+' ? 

a® f aa. 

in M 

nfr m| f If* 

S |l 


rail i* n*bfv b* 1 !>*♦***< ?bit aP ?t# ** »f *r » # •;« a nnn.ii 

Ifpin in f I# !m*aru lb * ;ph' *4 h |/n I# vm ,!, 4 ?! '»«*«, *|j, f ^ . 

I if 17 1 4 liMH* t * f | * ||nS||f| I4 1 f# f * 1 ' <| t % t* ? * # 1 1 ti Ip* 

l4’fnf;rit! c|*|i *4 SIih li*** pin* flnif * Pf i5ip 4 hP I » . 

r»fi nrf %nh H nilif.Kl ^ f |n Inn fiw *| ir, up, ?, h t'> 

ititH hy I ii|i lifiniiii in J b^H >♦ fitiip tn I \ Ilaiiaii# | 

Mill !*> iU lip ltt*U t‘‘ ifllf* ||p^ f I* f^iint *f s4 

Z#*iffw him \irzh\m, \**l \\ »%%A 4* 4 f- hP *h»- n nnn of 
jirii^rHiPi*! j#*t Mirnif Ji# ^Iphm> 4 fimi hi Hn* u* ^ 

nipn tJir In4n#?na*iip hm 4 i**f ^ n 'Pi* P Hr rV|1n4n 4 tin *4 

lb* t*mr in tip 

° \\t* hmm tliiif v\a nm id }*r**t ** *i» m#* rMnr#lr4 m k ^]^ £b*mfif* tir 

pn H*ntf* <4 iiiiriitiiiil aiiiwisin *4 }/?n un* ^nj IIhp’ 

lifil ^p+ltj iiji ifa n\% i*f>n In fciflinr ip nl titplrf 

flivoriihi** if n%rfi it iftifiifial iiiitfiiit,l t#| ip nl n pyrv,*m jl 

li i|tiifi f Huttlflil, I ifirf? hi fi|i * ttp s>ln ,$u t lii|*lify 
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42h 

o\f4k«'4 ."U!*j taw**.* 0hr afpthc'p * J r *M' • * Hi •*’ r 1vM > *», * * M f *' 
til \ it 4(1 lift ifitir n\\ j r »*l* ?m M\,*j.»jhk ^ ! ’ ^ p' » i r 

lirhl H jiri**iiif. ti >i*#* uni f huii m! ’l» *< n ;hr> > 1 wh t 4-* > 
a.s tnui^fiiift«i* oi r;uri**r # 4 >** ,»* p > M * ' '* ’*< *4 * Jif '**••*. ,T * - 
i!it*rpf«tr§* an int**riia! ai i* u *4 i h» 

Thp i1m’m\ «i \ * 4 r«f<!i?:t*! ,iH pit. «*»j 1 4 M* 4 * 1 * * * f * * < ?/ r nnl 

fit fit*! | a! ilth fhr rn\ Ul\ ni f hr .V * ;hu 4 Mijp ’I h , hr''.» * »f, 

atTf *r« U*«I w* pl;«Da ? ** *ij a t * * v I » it» 1 > < a f >* *t, «M)m?p4 » \ 

llihiltii nil t'lri’in#* 4 *'l?* 4 i I h ,4 V. i 1 ' » ah * H J/ M * *i a Hr 4*4 

W llit’ll, af'Hlifirifi^ !«♦ IJjniirfli ^ f# m , 4 ! ’ 4 ,ln). * 4 ) 1 , 1 1 1 V*' a fOflp , v 

(in* I'f linn t’litfli hftttfril ;*r f |*«V« Mf r I <h It h v,U 4* 44 ??»• ' ' 4 *' I 

tliilih 1 ftfil jir 1 ill'll jit rl,nl 4 ii? i! hi Mr hi ! t** d 1 M'* ’« h<«* ryhf 

path, fdf HI !v*7, lit III % » h ' If' J I * 1 r*| * d*'» ^4*fr|r ( iiHr 

i,{ f lit* Mill*, f itiil mu Mflpfrift* \< *4 * y*< ih ’ *»a* 

Mari 6 !?, MS*4, I «!«i? mr Haf«4 iha 1 nat^ttopj* My* un* 4* imm *1 

l»f f 111 * pfuprft^ lift Mr a<l<M *A ft«‘ * M I \ rV f ;%% 

that Itwin I <»iffi|i«ffr«S flu hirjii/ if -mh rf ?h* • ;*? 4 Ml* ;,/i 41 ^* 44 

lU til« t l#l Still pfifPipir *4 l! «' rs A ! »in#44 rr *U >< } * 4 

l#v St a* tlltfi, v\ | ifi* /4l5| ? Hi\ *4 4 •* 

° f ( hr |i|fll#ij?!r *4 <4^ ' | *’i * h 4* *> > * 4 1 w t */ II! If* 

ilrjiiinl* nil thr |a* 1 !hut 1m a 4/ ^/a.* * * ^ ^ * 4,r i i fi an* 

prfirriilly hunlx rfiis4nn«*4 m 4^4 ! * s iat 44 in4 v * 4 ti * !<■*! 

%yfll iIltlirliiH r % h*ir44 I hv ? ;>!jh* 'f4 r! a! * * * if t* 'n I t v hr h/h fi 

mil of alhiiliiir \« i4 4 h«; t /r,-<- * / Mi,ir -« nh* 4 # ^ ,* f !y 

f li§* # ij # j 4 / j!i* L-i layoff, lit* % an* h* >u yah h\ iri 4hH< j ,* 0 %# Mil 

Hll4#|y |»r * U Hp h\ IP |4 ha 4Pi U ‘h I !> M» r 1 ■ u f * ?p * r i in 

fill* i|h«* 1 ?**ti tlfplrf 4 1 r f l ,*44 * J -r * .4) f< >i * ,* P4rf«l Vihl ! 

ll^ra lllhfptl l*|p fph hr|4 M-pi 1*V »h< ! h' t + |pri |*h ,4|» » hr5i#p i|| 
Iitflfilll#^ ) ?ltp r*h«ppilH‘ I;it4 IpM *4 hi «li# hra,h >»<hi 1 * 44 M * p| 

ilypp i«i4 ftih miIIhiip ip'pIh ^ & ha h ns»‘ .MpMp * J i h> 1 \ 

Id fulfil awl itf 1 * # fpi ?f ' afp hut*’4 »> p v » j h r.% < 1 a* f lv flir 

fi(i|«fnir In4iii%i«f 

V*p*tib*** <In % - I 4niw**4 tfhti fni ifPiiP' lily tip hmm,. 

fnr a lurgi* jwt df ^nMfnip hilrt$ np ]a iIp* iii«is «?r 1 »lifi 
Hji tiha» hy tin* flit ti%yip In I Mil f hn> a 

lfiij*i4tl^, f«»f I # »4it sfhl Syifd, * *ilM4 iMriilpui W# 

tlir iff |ft*rr #€iliiSfifiiili«lia %%h;t ti »fnxi*| t^n*hh ! 4i^ 

^finaitwl 4Sity hi 1^44 4i#<^«4 Hint tip* fiMMy r| ifir n4 

liliwuj rrJM In inkp up * Ufaftdmtii, i furl m | f p % Imu* 4» Irf^ littil 

4mmts*\t®bw\ in I HI 1 7, 4m* in tlw t Unb^*m in?4 Irriifiin i%twrh 






vnmtrxh rit\8Tirrfiti\ wn y \*\t**\ h*7 


tin* t*r\U rrifitliiiL Ilf ft ll fHilwfiiitrra rim hr it ♦*»»* 

form. Hi* :iK*> n ft rr*^ fli*- iiiunu *4 ••lili»N4»»nn m •*»»* h^-tm '*• 
*iii,ihr bhl.ia hrnb hi fliaf a 1 hr* <Imm* Sm *b 

ili|r matfrr rf Ili* Jiltnl# i«l V h;ta < w;* fh?r ? nM 4 h **u* nh h - * 
f 4 ?mly fill* .iff iim nf ?hr :%\ IM'tif’* J4*f tlh.hiM* 'H »l« 1*1 ifU 

Tl§r 4 * Hlhf’lfttv * if ill hr rrv atr U*** * all ft a*hh *4*fUi ifi fit 

and fiif liki* mu |«*i»*iiiu' f »» htru j !r .. »* * b nm t» u^m* < 

Tilt* ffttulfi ?f *f«‘ , | ( 1 |.MUI, ’ll II 1,11 !M4f Ifill4 t 4i - f In ! r 

fimisl iff rf hr*!’* • h* »* irifH Ha* I#*/? a! *ih I „•!,?» * / f h* 

Jill? T\ rrfit', Mftpl llf* Ilai ? r * a til tjtiff, ififMia* fh* » ? 5 * 

:ill:ili»i«ir, ihiHirS . r! I* tr *!< •«: 'rr h- rib-. if* n.Mf, * $ r i|,. 

iiitiiffi'imf « M< M , lift f;M f^M,^ *1*4.1. #4' »<? ’b "a hh 

lllfh f hf* f i 14 In J*V!,4 441 t <f v 4 '< fi J t \». ( \ h,i * *4 f i^ 

bf«ht” ill *|Hi f irfi **' ;,hh r i.j * * if la 1 * ' f f 1 *' r f j a * ” 
«tf lli* f ivU itf V fit Mi" ir 4 * 1 ? ’‘ 1 «' i h; f ’ » f r #, ; M, 4 1 * r J 

:i, tiiiif* fh** |4«ri4i!a r * * * »* r .* i> « f “ r4>* **%" ? ?* » * * 1 J< * 

jMnj; ! r 1 f l 4 > r, ? *t »• * *, 4 1 4 v, t 

j.LarJ !* MhU! !-■< i rfr, r M * 4 4 * - ?*. a- ; 5 ■ f 1 ^ * * 1 

l(*H *r /' ' 4 » 1 1 1 \ ^ ,, f |} i ’ ‘ ' r ^ 

%*'i f 1? t a :rl fail, ht -4 »*r ) M 4 w *! - r! 4 4 « r * . % ,as 4 

JjVl* f> a l 4 V * j , a H 1 r h 4 j ! * * 4 4 , . " * 

4 T;i i ir ♦ t i/ \« m 4 * f* f < i | , i 4! i/ 4 ?im 4 * ^ n 4| 

ft, * h# f* f ^ *i t \ \u *r f-. n. * h , r, 4 ^ ^ *,un\ \ r‘H,, ^ h» 

It 4 * ;il v* - 4 f H.f 4 4 ,j* . 4 , 44*1 

1 H fSrft I '* y Vi *4 ;i nh l f’f 1 4| *4 1 h* i*t Sif"i 

tj4t4> *4 *4 n Hrnl*4 ha r # 1 4 h-r^i^U ,4 I I 4 h*4 / <4- * 

lt* ( 4r *ar4 at,4m j4af 4hth r^i f m*’ 1 *• • u 

at Mil'r ftifaShva luith I 14 ^ 4 t« / ‘ h 1 t hh, , ,» 

lull 3 rf -hr HI**- 1,4,*' i a . H Hah ? a. r< • ,r^u 

4 ft 1 4 4 |l f 1*4 # ! * * ' ' • » . 5 ** *> 1 % \* ^ V» a «<, .if, r „ • >h : t 

f|»V 4 <*Mfr a, i | r* | iHV r, I I af t *4 ^ a „ # 

|j#yrr t'^v. f*4i 4 >Ur*tSY *4 #i< ^ <4 i§f * jus#--,* 4 I * ^ « a *, | k i fl ' < j* t 

j%*f# 3*HH ‘ M* f * f hi*"' *U*t\ U Kl 14<* J n^l, /,, „f„ j*? i < 1 , * a# 

ir 1 |a*tfiw »al ** 4 ’Hi««1 1 *it lla* isi4i | *4 mt < r- r, * . 1 Hfiiai *, , 

|f> ia#l *l <*1 < ii tfa it r lM*f * l<* ra 4 3 t oa o 4 <4 # ; * 

* r « #1 itl* 1 1 ^ faifl'ilaiS ^ It* a .1 '•■<» > t r ( * ? r* ^ ■ r, 4 ‘ ^ , 41 , ,, 

V* ,|l#*|' ill* I I ft'I la ^4 I #f 14 ^ a< ila Jf t 4^ % , %j I* < # ll > a H ^ % t f as f , 

|<* | fa- t I,I}K i |u«^ Ml,I 'It » a:,. « iN la* f a* i# (^n«i c.1'1 ihMi J *1 |j, 

;4fl4 Ir,l**f4p .a I 1*44 III’* 44* f.l r 4^%'^ a44< a \u r la*-a f*- | 4 

;i I*«4a #*l4lUr4 " >? 44*4 H I 44#- **V’ 

%rgrffit4r >f4l nia,4l >ii,>naih i*f# vrf 4 - »'|,j 
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Ci II.LJII Tl.!> Si t l>JI S IN IM'i' M n 


1 Hilly whirls 4oi\s hot IU\*' Up * tin*’ 1 ^ 4 ’’ 4 ’ *' f f f ’*^1 

fcrcnl Mil vent . Il >'!« lio*> "■> - a '■ ’■ 

two original Milnfanr* ^. 

In t I sin \\*iv f Is** «J 1 !*' f ^»ii 1 *oi ^ 1 f ** o *‘i*o f» i i *o 4 1 n* - 1 * * or 
lint it c'lilaiu Hil» !;mn * nulrifl ■ la* 

iiiiitnrial in * jin p I inn in * *1 nnj >! * 1 r * f f l * * t Y * ! * 4 ^ ^* * * * i,<? * * *'* 

fronp i \Uh*'U\* t f*v> * f * h * If 

iifiiiiiisLs arr injirtnl ^ i? k ^1** m»* * * a a *1 pa ’• * * ? f o I l<1 *' 

itjiilifi, liiinrl li % !|«aia|*!» I* JiatOiii an 1 11 ,i ^ ! ** 1 *' '* * 

OIH* Wiiif^ llflfil flin 4l ,t u >} u c») \ n* <i *j 

in n ntontHif k H i ♦ h ^ •* m a p ^ p* t?l ' 

of ^iiifitl i|i* in#* 1 1i««l of * \ f j *n f jo|,, at j | o ,<j* '1 m,* * ’;l ‘Ut? * * ► * » v 

clHoHnl JiLr tliallm ot iLinr’tn 1 ] aiai 1 ** J m* n - on M m 

f!ia li.Mtli^ h\ tUi'Mi ' of ’ inihihV i* r * ut \:M # o/h t li • i ! * i»< 

i)ii*iit m itra ntrrt* «I out m« f f i J *?pU *o r h 4 ^ o> ,# ? f*u n, 15 In* * *1 »♦ 

I’XtriiH iv<* ill m*!oi j/iiI jon tif t !a m« f!!* n* 1K» 1 *f ,n f * i f of *<f 

ftirliHtt kaltmv ntn w*ry o;»,oh * * »* I 

TIm* rxj^nriiiiiiit'' vit!* «h* tnf T fmi j It r, *H fiL*4! 4 »! 'M‘ l5 ao»of 

Iigiiili^f ft |*fwo » of iOiIi fifiJioih In ^ In* Ian’ ^ k * ,f * k 1 * ?' * ^ 

ptwnritl iittiiilt* rioiifM i«r p|4;pMi iil4% *1 n r:* )o al'* a * k i5»r* nt 

rtilitf oft hi falvt phm* llni' 1 m io a*, o* 'm* 5» !< fa L m* o -I 

h iiiit.<!«* to yirl«l \iolrf «|)t^ In im uolaiai * n# 

woiilsl him* !##•*« ii !r«! to nj.f ir4** tint vlini * y *\\* !>,!*- ^* im 
«*|flfi!«iyni II rkllif! of * *i\ut linr * ft hi fl |I I * *' y *n * 

nw* or fitli**r atal m u*nnr oumo «»i It# - f m# ut % ' f *tA\n \S\ 

N|w‘rinily tif*visa'd fnt fli* *4i?j o?r } oi fLn> to 

rifln^r wifli tlyo4titT-* ^ki*lo Silo < <1 h 

li!<lohv4i% or wifi* irrfwfi t^> a *lvr r h %* fi# a/or moo kn/r nKi* fi 

Krliniiiifiii j#io4tiH ^ from naffiiiitii h i.%1 » aiooio rhinal'# 
of tin* tttint infill liink ainl rim^ 4 nn urtrtMil^ upon 4fal *IrO’ii*#- of 
ftlf* rotor 

lliitiy oltifT wmmn run f# «}n4i nr*Mr*? tint 

nirmlfiiw of lifnV llnwy I ma^ iwrrrh m* fir ^mv doty 

c!iifaHf»f of flit* iirti«ii # a |##4?t *nl 4 ir|$ y r*t ofim r »* miy m 

flu* iilknloiilK; fntihmwm% m lb* nv of tmn\ *!»■ t*m4 

rlifiiiitiition, wlirti ®$mmt » foto t%f 4 «lr!ir 

tnoftifT fw1 t mw mliirli nmy f^fluif# of }4iptrsl nu\*^Pw* r« 

itiwi ftint ill fin* of nrm ftirfiif#iif»i % ffort# 

worn rliroHnl fi»flirii1»r}y to fti« # ri'itfiifi»i f r#fi iSty »p|w|#i»!r 

itifiifion) of grm\m whirl* rotiW rlrii fli^ m ilm* 












CHKMfru« rovsTFTt'i :o\ \\i* ni\n\i \« »*h«.i* m \ f n«*N. l ’ fi| 

fnr r\aill|4*% with f*l*i i»i Vi I :* h ? ^ n “**• i, ,» } *•< f ^' 

uii'flni 'il »•*•! # 4» art-nl r f “ *?« th*' p^ 1 ^ 1 » >11 :*i 4 \{fv 

ai j*;u»iiiii*l*']*b»i 1 *'] ;m *‘P ** 4 

\ll i lii la * it ^ 1 t h i Min i s i4* | * 1 1; v ^ I*l,.a |m/' *h««<r *4 

|}|I* if lit n«4;<iH M f lanifvafp ' * 5 UM* i ‘4 V»‘ 

!U fJj>- lilt* Uf^ Iff Oi** llvt I tei II fu 4' 4ll» 't-HIJ. *f 

n*:tr! iip > wh *i. * t,»* a i *r» i*m <*> ** » v 1 tu f}»* Is <• >* i im f 

r;illlin5 «**Tijr fl;f r «' h 11^14 h*’ hnfM* n fair! h V/,* v» t * h.- 1 

rui^li'ii n? ior* j*h* 1 ;i f v w 4 | * 4 tunr *’ 1 1 f h* f n n * ia fe* 

Iff !'M» ij}« *;;!**•« i aiaP** *>f « nU’h'U ‘J! V Pa* 4 *• * "t*4 al^M* 

atiiv,^’ un * a mlh 4f .* ! *• an*p* 1 . «»i ihy*a;>l. fa nr, 

t , tjrh a »?.« r* ,k . ** * >i ? «inn ? ;** nr* * 1 4 nM;* *<u * 4 s! * 4 a a* 

ilif! w;*l* !\ * **v Inn. '1i * h** faap * *4 Pa* a, tJ>'*a % } ,»tu, 1 a h'« 
u)|fi% 44 VJ ? av < *«« v* an **!;* (1 , <4* 1 a^P*! - la *-nj , a n * a* 
«?, « ’i‘ ^ ^k> > * *<’*. l f J, ‘, f v^ *■ * ’V*^ ? * > ' 1 ^ 3 s 

i|?!Mif llir UUV,\ t *1 * ai « ! 8 V/, * ' * ! 1 ^ t 1 '* : VjN i 5 * l** 
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COLLECTED STUDIES IN IMMUNITY. 


This substance has the property of staining the granules of cells 
most intensely, and the same holds true of a number of derivatives, 
e.g. violet dimethyl neutral red, in which the two hydrogens of the 
second amido group are replaced by two methyl groups; further, 
also, the golden-red diamidophenazin : 

N H 2 N N(CH 3 ) 2 



ch 3 n 

l\ 

| OH 
C 2 H 5 

In contrast to this, however, the combination in which one of the 
central amin radicals contains an ethyl group which gives to the 
group the character of an ammonium base, is absolutely unable to 
effect the staining. All phenazin derivatives which stain granules can 
be completely shaken out of weak alkaline solutions by means of 
ether, whereas not even a trace of the ammonium base belonging 
to the safranin series is thus taken up by the ether. 

A very intimate connection, however, exists between solubility in 
the test-tube and ability to be absorbed in the organism, a connection 
which I observed as Jong as fifteen years ago. Hence we must assume 
that certain fat-like substances of the nervous system as well as the 
fat of fat cells possess a high solvent power by means of which these 
substances are anchored or stored up in the tissue in question, just 
as the alkaloids are taken up by the ether in the Stas-0tto pro¬ 
cedure. 1 

If we bear in mind not only the extraordinary multiplicity of 
substances foreign to the body, but also the varying chemistry of 
the tissues which make up the organism, we shall not expect that 
a single principle can be rigidly applied to the phenomenon of 

1 This behavior has been studied especially by Overton. He terms the 
substances of the brain which serve as extracting agents “lipoids.” Chief 
among these are cholesterin and lecithin Among the alkaloids Overton di s . 
tinguishes feebly basic and more strongly basic substances. The former can be 
shaken out—for example, the indifferent narcotics; whereas the more strongly 
basic unite with constituents of the cell to form salt-like combinations which 
are very easily dissociated. According to Overtops conception, therefore 
Knecht's explanation would apply at one time and Witt's at another. 
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selective action. For a large number of substances which localize 
in fat or fat-like bodies during life, it will probably be difficult to prove 
whether a pure shaking-out process occurs or a formation of but 
slightly soluble salts. 

Furthermore, both processes may occur toegther, as Knecht as¬ 
sumes in dyeing, the lake-forming components being contained in 
the tissues in the intimate molecular mixture characteristic of solid 
solutions. In that case the resulting selective action will be due 
to a combination of salt formation and solid solution. In many 
instances, however, it will be extremely difficult to decide whether 
one is dealing with solid solution or salt or double-salt formation, 
especially since chemistry often finds it impossible to decide this 
question in the case of pure bodies. This is seen, for example, in the 
study of mixed crystals which are looked upon mostly as crystalline 
solutions. 1 

In any case we see that even without the intervention of a ehemic- 
synthetic union the conditions necessary for a selective storage of a 
substance in the organism are present and are sufficient both in 
extent and in variety. 2 That these conditions in the case of the 
salt-like combinations are essentially chemical in nature is self-evident; 
in the case of the solid solution the enormous mass of evidence which 
I have merely touched makes this extremely probable. If we regard 
the principles governing distribution in the organism from these 
standpoints we shall no longer be surprised that in the localization 

1 If two combinations of somewhat similar chemical constitution (for ex¬ 
ample, benzole and pyridin; stilben, benzylidenanilin, and azobenzole; fluoren 
and diphenylenoxid) form mixed crystals with each other, one can readily 
comprehend this in view of their close chemical relationship, and can ascribe 
it to 11 isomorphogenous ’’ groups. Frequently, however, substances crystallize 
together which exhibit the greatest divergence in the configuration of their 
molecules, as, for example, phenol and urea, chloroform and salicylid, tri phenyl - 
methan and benzol. The crystalline fiery-colored combinations which picric 
acid is able to effect with a large number of hydrocarbons are especially im¬ 
portant. Certain investigations concerning the basic properties of oxygen 
(Baeyer) and of carbon (Kchrman and Baeyer) seem to show that such crys¬ 
tallizations, as, for instance, of ferrohydrocyanic acid with ether, etc., are anal¬ 
ogous of salt formation. 

2 1 must here refer the reader to the extremely interesting investigations 
of Spiro (Uber physikalische und physiologische Selection, Habilitationsschrift, 
Strassburg 1897). In these, although starting from entirely different stand¬ 
points. + he author reaches many of the views held by me. At the time of my 
address I was unaware of this study, as it is not to be had in the bookshops. 
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of substances foreign to the body synthetic processes play practically 
no r61e whatever. If we take methylene blue as an example, we see 
at once that we can easily find a large number of different fluids 
which are able to shake it out. On the other hand, we know of a 
large number of acids, like picric acid, phosphomolybdic acid, hyper- 
sulphuric acid, which are able to precipitate the methylene blue in 
insoluble form even out of very dilute solutions. This dyestuff, how¬ 
ever, is practically useless' for synthetic processes; all the efforts of 
the chemists to introduce other groups into the completed molecules 
(with one exception, nitro-methylene blue) have absolutely failed. 
When we stop to consider that in such chemical procedures the 
strongest possible agents can be used, sulphuric acid, high tempera¬ 
tures, etc., we shall at once see that methylene blue cannot at all be 
synthetically bound in the organism. The extensive distribution of 
methylene blue, however, is very easily explained by the plentiful 
opportunities offered for localization. 

Synthetic processes, such as occur in the absorption of foodstuffs, 
in assimilation, and in the growth of living matter, are connected 
with the existence of certain chemical groups, the “receptors.” 
These receptors are able to synthesize with fitting haptophore groups 
of the foodstuffs or of the toxins, the two groups fitting specifically 
to each other (like lock and key: E. Fischer). The eagerness with 
which the living protoplasm lays hold of the foodstuff which it re¬ 
quires is in marked contrast to the manner in which it resists taking 
up substances foreign to itself. This was observed even in the begin¬ 
ning of histology, for at that time it was regarded as an axiom that 
living cells could not possibly be stained. Gerlach, for example, 
had shown that an amoeba does not take up any coloring matter from 
a solution of carmine, whereas it stains immediately when it is dead. 
Since then, to be sure, largely through my efforts, we have come to 
know a number of important vital stains (neutral red, methylene 
blue, brilliant cresyl blue), but closer analysis of these phenomena 
have shown that that which can be demonstrated in the living cell 
by the various dyes is not the functionating protoplasm but its 
lifeless (paraplastic) surrounding medium and the granules, etc., 
present therein. In this point I agree entirely with Galeotti. 
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VIII. 

What practical conclusions can be drawn from these considera¬ 
tions? We see that drugs, such as the majority of narcotics—in 
fact the large number of neurotropic and lipotropic substances—be¬ 
come localized through a shaking-out process. It follows from what 
has already been said that only such substances can be anchored at afty 
particular part of the organism which fit into the molecule of the 
recipient combination as a piece of mosaic fits into a certain pat¬ 
tern. Such configurations, however, are not confined to a single 
substance, but usually include a large group of related substances. 
In this connection the investigations which Einhorn 1 and I made 
concerning the action of cocaine are most important. 

Cocaine is a derivative of ecgonin, whose molecule contains two 
groups differing in function: a hydroxyl group, which combines with 
acid radicals, and a carboxyl group, which forms esters with alcohol 
radicals. All derivatives of ecgonin in which both groups are thus 
occupied represent bodies of the cocaine series. Thus in the cocaine 
ordinarily used in medicine the acid radical is that of benzoic acid, 
the ester former is a methyl group. By means of the methods of 
modern chemistry it has been possible to introduce the greatest variety 
of radicals into ecgonin, leading to the formation of a large number 
of homologous substances. It was soon found that the substitution 
of other alcohol radicals, such as ethyl, propyl, etc., for the methyl 
radical did not cause the least change in the physiological effects 
of the cocaine, as Falk proved. On the other hand, the acid radical 
is of prime importance for the anaesthetic action of the cocaine. Pouls- 
son, Liebreich, and myself studied the various cocaines with other 
acid radicals (cinnamyl cocaine, phenacetyl cocaine, valeryl cocaine, 
phthalyl cocaine) and found only one, the phenylacetic acid derivative, 
which possessed even feeble anaesthetic properties. As a result of 
these toxicological experiences one could have assumed that this 
benzoyl cocaine was in every way unlike all other acid derivatives. 
But this is not the case, for I was able to show that so far as another 
toxic action is concerned all of the various cocaines show the same 


1 Einhorn is one of the best authorities on alkaloids known to me. The 
studies referred to, appear in the Deutsche med. Wochensch. 1890, No. 32, and in 
Be rich te der deutschen chem. Gesellschaft 1894, Vol. 27, page 1870. 
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behavior, namely, in mice they all produce a peculiar foam-like degen¬ 
eration of the liver-cells which I have observed only in substances 
belonging to this series. From this it follows that all bodies of the 
cocaine series are alike so far as the liver is concerned. Considering 
that the substances which precipitate and dissolve these bodies are 
the same and that the liver findings are identical, we may perhaps 
assume that all cocaines are taken up by the liver in the same way 
and therefore probably also by the other parenchyma. And since 
the benzoyl derivative is the only one which possesses anaesthetic 
action we shall have to assume that the rest of the molecule is only 
the carrier which brings the benzoic acid radical to the proper place. 
(The anaesthesiophore character of this group had already been made 
very probable by the earlier investgations of Filehne.) Let us go 
back to our illustration of the mosaic in order to get this idea clearly 
before us. In order for a piece to help complete a given figure it is 
first necessary that it possess a particular form, but in order that the 
pattern be really completed the piece must also possess certain material 
properties, such as hardness, color, lustre, etc. It will be one of the 
problems of the future to extend our knowledge concerning the active 
toxophore groups. 

The first fundamental experiments in this direction were made 
by Ladenburg, who showed that the two substances obtained on 
splitting atropin, namely, tropin and tropic acid, could readily be 
recombined and the atropin molecule thus be reconstructed. As a 
result of this demonstration that atropin represents an acid ester 
of tropin it was possible to produce a number of homologous combina¬ 
tions, Ladenburg's “tropeins,” e.g., benzyltropein, salicyl trope in, 
phenylglycoltropein (homatropin). A comparative study of the these 
substances showed that for mydriatic purposes aromatic oxyacids 
were the most favorable—and especially those m which the hydroxyl 
is in aliphatic combination, as in tropic acid and phenylglycolic acid. 

In cocaine, Einhorn and I attempted to determine the function 
of the benzoyl group by introducing various side-chains. It was 
found that the introduction of a nitro group in the meta position had 
a marked influence on the anaesthetizing property of cocaine without 
preventing the injurious action on parenchyma described above. The 
introduction of a hydroxyl group in the same place acted still more 
strongly in this direction, for the anaesthetizing property had dis¬ 
appeared, the toxic action on the liver decreased. Meta-amido cocaine 
was entirely inert. 
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What was extremely interesting was the fact that by the intro- 
duetion of suitable radicals into this inert amido cocaine the alka- 
loidal action could be restored. Thus when acetyl and benzoyl 
groups are introduced into amido cocaine, cocaines are formed which, 
although they are not anaesthetic, again possess this property of 
acting on the liver. It is especially interesting, however, that the 
cocaine urethane obtained by the action of chlorcarbonic acid on 
amido cocaine again acts ansesthetically, in fact much more so than 
the original cocaine. That is to say, if we nitrify cocaine, reduce it 
to amido cocaine, and finally condense it to a urethane, we find that 
the ansesthesiophore group is first diminished in power, then its 
action is entiiely lost, and finally heightened. We already know the 
function of the toxopho: e group in a number of alkaloids, in atropin 
for a single group, in strychnine for two. If only we had a deeper 
insight into this function we might hope by means of substitutive 
action on the toxophore groups (such as Einhorn and I have car¬ 
ried out on the benzoic acid radical of cocaine) to modify the action 
of the alkaloids to suit our purpose. 

In the synthetic field of pharmacology, however, a knowledge of 
the groupings on which the selective distribution in the organs depends 
would appear to be far more important. In the case of foodstuffs 
and toxins I assume that the union is effected by a single definite 
group, the “ haptophore ” group. Substances foreign to the body, 
as already explained, lack such a single group and the laws of dis¬ 
tribution in the organism are dependent on the combined action of 
the separate components. In their distribution, therefore, the entire 
constitution of the substance is the deciding factor. This we have seen 
to be true with substances belonging to one group. Within this 
group type, as we have described it in detail with the cocaine series,” 
modifications of the separate components can then be made within 
wide limits. Starting from this point of view we obtain a new method 
of synthetic-chemical pharmacology. If one is desirous of studying 
organ therapy in this sense it will be necessary first to hunt up 
bodies which possess a particular affinity for a certain organ. 
Having found such bodies one can then use them, so to speak, as a 
carrier by which to bring therapeutically active groups to the organ 
in question. It is self-evident that in the selection of these groups 
one is bound by definite limits; so also is the fact that all substituting 
groups which themselves influence the distributive character (e.g. 
acid radicals) must be avoided. All these are problems which ex- 
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tend far beyond the powers of single individuals and make it 
desirable that chemists and pharmacologists work together in some 
definite plan. That is one reason why I have gone into such detail 
concerning my views on the connection between constitution, dis¬ 
tribution in the organs, and pharmacological action. 1 shall indeed be 
happy if these views, the gradual development of ten years of study, 
will advance the study of pharmacology. 

Translator's Note. — See also the recently published study by Bechhold 
and Ehrlich on the relation of chemical constitution to disinfecting power. 
{Zeitschrift fur physiol. Chemie, Vol. XLVII, Nos. 2 and 3, 1906.) 
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I. Concerning the Activation of Cobra Venom by Means of 
Complements. 

In a previous study 2 one of us has shown that cobra venom is 
activated not only by certain active sera but also by lecithin and 
certain complement-like substances of the red blood-cells called 
“endocomplements.” This, of course, harmonizes with the ambo¬ 
ceptor nature of the poison which had been demonstrated by Flexner 
and Noguchi. 3 In view of the wide distribution of lecithin in the 
organs and tissues it seemed advisable to penetrate deeper into the 
mechanism of cobra-venom haemolysis, especially in order to deter¬ 
mine if the assumption of complements and endocomplements is 
not superfluous and the presence of lecithin in the red blood-cells 
and serum sufficient to explain the complement action. It is true 
that certain sera which activate cobra venom lose this property when 
they are heated to 56° C. for half an hour, and the endocomplements 
produced by dissolving the red blood-cells in water are inactivated 
by heating to 62° C. Considering the great ease with which lecithin 
combines with albuminous bodies, etc., it was possible that the 
thermolability of the activating factors was simulated by a com¬ 
bination of the lecithin with other substances. An important fact 
which speaks strongly against this view, however, is one first brought 


A Reprint from the Berlin klin. Wochensch. 1903, Nos. 2 and 4. 

2 P. Kyes. See page 291. 

8 Flexner and Noguchi, Snake Venom in Relation to Haemolysis, Bacteri¬ 
olysis, and Toxicity, Journ of Exp. Medicine, Vol. VI, No. 3, 1902. 
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out by Calmette, 1 namely, that almost all sera after being heated to 
65° C. and higher usually show even an increased activating power. 
This we could explain only by ascribing it to the lecithin set free 
through heating (Kyes, 1. c.). It thus appeared that heating was more 
likely to effect a splitting off than a combination of the lecithin. 

Our further studies have shown, however,. that this view is not 
correct in all cases. 2 

To begin, we examined the complementing properties of serum, 
choosing for our analysis the combination ox blood + cobra venom 4* 
guinea-pig serum. The activating property of the fresh guinea-pig 
serum was destroyed by half an hour's heating to 56° C., and hence 
was apparently not due to the presence of lecithin, but to some other 
complement-like substance. Subsequent investigations have con¬ 
firmed us in this opinion. The general course of the haemolysis 
through snake venom is markedly different when lecithin or serum 
is used for complementing. Lecithin effects rapid solution; with 
large amounts of cobra venom this is almost instantaneous. When 
serum is used as complement a longer or shorter period of incubation 
is observed, such as we are accustomed to see with the haemolytic 
sera. Furthermore, haemolysis with cobra venom + lecithin occurs 
even at 0° C., whereas the action of cobra venom -f serum as comple¬ 
ment requires a greater degree of heat. 

That the activating substance of the serum belongs to the class 
of complements was further demonstrated by the fact that it was 
destroyed by digestion with papain. Following the method of Ehrlich 
and Sachs, 3 in order to digest the complement, 5 cc. guinea-pig serum 
were mixed with 1 cc. 10% solution of papain, digested for l\ hours 
and then centrifuged. The decanted fluid was used to activate the 
cobra venom. Table I shows that this property was almost com¬ 
pletely lost. 

The serum treated with papain had thus almost completely lost 
its activating property, whereas a solution of lecithin similarly treated 
preserved its activating property unchanged. (See Table II.) 


1 Calmette, Sur Taction h^molytique du venin de cobra, Compt. rend, de 
TAcademie des Sciences, T. 134, No. 24, 1902. 

* We are much indebted to Drs. Lamb and Greig for cobra venom kindly 
placed at our disposal. 

* Ehrlich and Sachs, The Plurality of Complements in Serum, Berl. klin 
Wochenschr. 1902, Nos. 14 and 15. 
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TABLE I 



1 cc 5% Ox Blood 4-0 02 cc. 1% Cobra 
Venom + Guinea pig Serum. 

Amount of 
Serum. 

| (a) Normal. 

(6) After Previous 
Treatment with 
Papain. 

cc. 

Amount of Haemolysis. 

0.5 

0.35 

0.25 

0.15 

0.1 

0.075 

comjplete 

almost complete 
strong 

moderate 

almost 0 
“ 0 
“ 0 

0 

0 

0 


TABLE II. 


Amount of 
Lecithin 
Solution. 

cc. 

X cc 5 % Ox Blood +0.02 cc 1 % Cobra 
Venom+ 0.025% Lecithin. 

(a) Native 

(b) After Previous 
Treatment with 
Papain. 

Amount of Haemolysis 

0.25 

complete 

complete 

i < 

0.15 

0.1 

i t 

“ 

0.075 

trace 

trace 

0.05 

0 

0 


In like manner the complementing property of the serum is de¬ 
stroyed by appropriate digestion with hydrochloric acid and with 
soda lye, in which again the serum differs from lecithin. 

We felt that the discovery of agents which would exert an inhibit¬ 
ing effect in the haemolytic action of only one of the two factors (either 
on that of the serum or of the lecithin) would be most valuable for 
&, positive differentiation of serum complement and lecithin. We 
therefore next immunized rabbits and chickens with guinea-pig serum, 
seeking in that way to produce anticomplements. By the natural 
production of an antibody we could thus prove the complement 
nature of the serum activator. These experiments, however, en¬ 
countered certain difficulties, for, as we have already mentioned 
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normal sera exert a considerable inhibition on cobra venom hsemolysis 
when serum is used as complement, and to a still greater degree when 
lecithin is used. We observed no essential increase in the protective 
action in the animals treated with guinea-pig serum. We therefore 
next sought to distinguish anticomplement and antilecithin action 
in normal serum. 

For this purpose guinea-pig serum itself seemed best suited; 
inactivated by half an hour's heating to 56° C. it exerts a marked 
inhibitory action on cobra venom4-lecithin haemolysis. This fact 
by itself, however, in no way argues against the identity of lecithin 
and the complementing substance of active guinea-pig serum. One 
could assume, for instance, that, on heating, a substance is formed 
which is capable of combining with the lecithin. In that case if an 
excess of the substance were formed, this would be capable of com¬ 
bining with lecithin subsequently added. This would explain the 
apparently paradoxical phenomenon that the same serum when fresh 
exhibits activating properties, but when heated to 56° C. is able to 
bind lecithin. 

We therefore investigated the property of active fresh guinea- 
pig serum to inhibit the action of lecithin and hoped that this prop¬ 
erty wrould still be manifested in dilutions in which the serum was 
no longer able to exert any activating influence on cobra venom. 
As a matter of fact we succeded in proving that guinea-pig serum 
still exerts an inhibiting influence on the lecithin, even in very small 
amounts which no longer activate. This is shown by the example 
in Table III. 


TABLE III. 

1 cc. 5% Ox Blood + 0.001 cc. 1% Cobra Venom + 0.075 cc. 0.025% 

Lecithin. 


Amounts of Guinea 
pig Serum Added, 
cc. 

Hsemolysis. 

0.5 

complete 

0.25 

strong 

0.1 

trace 

0.05 

0 

0.025 

0 

0.01 

trace 

0 

complete 


The lecithin and guinea-pig serum are digested for half an hour previous to 
adding the ox blood and cobra venom. 
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Under these circumstances, of course, we can no longer regard 
the activating factor of guinea-pig serum and lecithin as being 
identical. If lecithin and serum complement were identical, the 
antilecithin should act also against the serum complement. In 
guinea-pig serum, however, as is shown by its activating power, an 
excess over any such inhibiting substances is surely present and this 
excess, of course, persists even in quantities of the serum so small 
as no longer to lead to haemolysis. A serum protection can there¬ 
fore be exerted only against substances which are different from the 
activating substance of the serum. 

Further confirmation of this difference was afforded by the fact 
that we succeeded in demonstrating the existence of antilecithin 
and anticomplement components in normal rabbit serum inactivated 
by heating to 56° C. By the addition of lecithin we completely 
neutralized the components which inhibit lecithin. 1 In fact we added 
so much that there was a slight excess of free lecithin. Although this 
mixture in large quantities was itself activating, in smaller quantities 
it was able to markedly inhibit haemolysis with cobra venom + guinea-pig 
serum. The anti complement component of the rabbit serum had 
been unaffected by the addition of lecithin, as can be seen from the 
following experiment: 

20 cc. rabbit serum are mixed with 180 cc. absolute alcohol, the resulting 
precipitate rapidly filtered, pressed out, and dissolved in 20 cc. salt solution 
This solution protects against cobra venom haemolysis not only with lecithin 
activation but also with that of guinea-pig serum. 

4 cc. of the inhibiting solution are digested for three-quarters of an hour with 
2 cc. of a 0.17% lecithin solution. In large amounts this mixture, through an 
excess of lecithin, activates cobra venom; in small amounts it inhibits the 
activation with guinea-pig serum. (See Table IV.) 

Besides this we have discovered that cholesterin markedly 
inhibits, or even entirely prevents, the cobra-venom haemolysis 
brought about by lecithin. We shall return to this point later. In 
contrast to the behavior of the lecithin we find that the serum com¬ 
plement is 'practically unaffected by cholesterin , for only a very 
slight inhibition is observed even with large amounts of choles¬ 
terin, a phenomenon which may be due to absorption. Such an 
experiment is reproduced in Table V. The solution of cholesterin 


1 In order to exclude the activating action of rabbit serum, which is due to 
available lecithin, it is necessary to work with the alcoholic precipitate obtained 
from rabbit serum This contains the inhibiting substances. 
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was made by mixing 1 ce. of a hot, saturated solution of cholesterin 
in methyl alcohol with 9 cc. hot 0.85% salt solution. This homo¬ 
geneous suspension of cholesterin served as stock solution for the 
experiments. 

TABLE IV 

0.25 cc. Guinea-pig Serum and the Inhibiting Solution are Digested 
at 37° C. for Three-quarters of an Hour. Thereupon the Ox 
Blood- hO.OI 1% Cobra Venom are Added. 


Amounts of 
the Inhibiting 
Solution. 

cc. 

Haemolysis in the Presence of 

A. Native Solution 
of the Precipitate. 

B. Solution of the 
Precipitate + 
Lecithin, 

1.0 

faint trace 

complete 

0.5 

trace 

almost complete 

0.25 

little 

moderate 

0.15 

< i 

little 

0.1 

moderate 

moderate 

0.05 

4 4 

< £ 

0.025 

strong 

strong 

0.01 

11 

almost complete 

0 

complete 

complete 


TABLE V. 


Cholesterin 
Solution. 

cc. 

Ox Blood+O.Ol cc. 1% Cobra Venom 
Activated with the Complete 

Solvent Dose of 

(a) Guinea-pig 
Serum. 

(6) Lecithin. 

0.5 

moderate 

0 

0.25 

( i 

0 

0.1 

i t 

0 

0.05 

strong 

0 

0.025 

complete 

0 

0.01 ■ 

! 

0 

0.005 

£ ( 

0 

0.0025 

i l 

complete 


These various experiments lead us to believe that serum comple¬ 
ment and lecithin are two entirely distinct substances. On the other 
hand the complementing property of the serum for cobra venom 
corresponds so well with the other complement functions of the 
sera that no reason at present exists for undertaking a separation. 
In conformity with this correspondence we find that the activating 
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substance is absorbed by yeast. In the same connection we may 
perhaps mention that when fresh guinea-pig serum is shaken with 
ether it loses not only the other complementing functions but also 
that for cobra poison. If guinea-pig serum which has been heated 
to 100° C. (and which therefore owes its activating property to the 
lecithin liberated through heat) is treated with ether in exactly the 
same manner, the complementing function remains unchanged. 


II. The Lecithin Content of the Stromata and the Activation of Cobra 
Venom Dependent Thereon. 

In the investigation of the substances in the red blood-cell termed 
endocomplements we were at first led into error by the employ¬ 
ment of just this method of differentiation dependent on the de- 
structibility of complements by means of ether. 

For these experiments we used the combination ox blood + cobra 
venom + solution of guinea-pig blood. The latter was obtained by 
dissolving sedimented guinea-pig blood in distilled water. The solu¬ 
tion was made up to three times the original volume of blood, where¬ 
upon NaCl was added until the solution contained 0.85%. If such 
a solution is shaken with highly purified ether (1 volume blood 
solution+ 10 volumes ether) and a sample of the solution (separated 
by means of a separating-funnel) is tested it will be found that this 
has lost its power to activate cobra venom. The ethereal residue 
taken up in salt solution also exhibited no complementing properties, 
so that it appeared as though the substance termed “endoeomple- 
ment ” was destroyed by the ether just as were the serum comple¬ 
ments. This, however, is not the case. When the blood solution 
separates after shaking with ether an emulsified stratum is formed 
between ether and blood solution. On testing that part of the blood 
solution which contains this intermediary stratum the entire quantity 
of the activating substance is recovered. (See Table VI.) 

This shows, therefore, that the activating substance had not been de¬ 
stroyed, but that it had escaped our observation, owing to the peculiar 
behavior of the emulsified stratum. It is well known that such emul¬ 
sions take up minute solid particles most readily, and it was natural 
therefore to assume that the activator contained in the blood-cells 
is connected with their stromata. In laky blood'solutions the stro¬ 
mata are present in a swollen state; hence we sought to separate 
the stromata from the rest of the haemoglobin solution. With guinea- 
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pig blood solutions this is very simple, for on strongly centrifuging 
the solution used for complementing, especially if some salt is added, 
the stromata settle out very -well. By removing the supernatant 
hemoglobin solution and perhaps once more washing the sediment, 
the stromata are readily isolated. This suspension of blood stromata, 
made up to the original volume with salt solution, showed itself 
just as capable of activating cobra venom as was the original blood 
solution, whereas the decanted fluid was entirely inert. The activating 
substance of the blood solution is present therefore not in solution but 
as a constituent of the stroma of the blood-cells. (See Table VII.) 


TABLE VI. 


Amounts of the 
Blood Solution. 

cc. 

Ox Blood+0.01 cc. 1% Cobra Venom + Blood Solution. 

(a) Native 

(6) After Shaking with Ether. 

I Lower Half of the 
Blood Solution. 

11. Upper Half of the 
Blood Solution (to 
gether with the emulsi¬ 
fied stratum j. 

1.0 

complete 

0 

complete 

0.5 

1 1 

0 


0.25 

11 

0 


0.10 

i c 

0 

a 

0.05 

0 

0 


0.025 

0 

0 

faint trace 

0.01 

0 

0 

0 


TABLE VII. 


Ox Blood+0 01 cc. 1% Cobra Venom + 


Amounts of 


a. b, and c. 




cc. 

(a) Guinea-pig Blood 

(6) Suspension of 

(c) Decanted Por- 


Solution. 

Blood-cell Stromata 

tion. 

1.0 

0.5 

complete 

complete 

0 

0 

0.25 

t * 

tt 

0 

0.15 

i i 

11 

0 

0.1 

little 

trace 

0 

0.05 

0 

0 

0 


This threw some light on the inactivation of the blood solution at 
62° d, a fact which made the complement character of the acti¬ 
vating substance seem exceedingly probable. In contrast to the 
native blood solution we find that the suspension of stromata remains 
unchanged when heated to 62° C. 



SUBSTANCES WHICH ACTIVATE COBRA VENOM. 


451 


The activating substance itself is therefore thermostable. If, 
^^ver, the decanted haemoglobin solution is again added to the stro- 
a n d this mixture heated to 62° C. inactivation will again ensue. 
"Table VIII.) 


TABLE VIII. 


tints of 
a » . and c. 
Cc, 


1 .0 
o .5 
O .25 
O .15 
O .1 
O .025 


Ox Blood+0.01 cc. 1% Cobra Venom + 


(a) Guinea-pig Blood (6) The Suspension illS 

Stromata Suspension. Heated to 62“ C. ^S^Heated to 6*8! 


complete 


complete 


From this it appears that the inactivation' of the native blood 
ition depends on this: that on heating to 62° C. the active substance 
at>ines with the haemoglobin in such fashion that it is no longer 
e to combine with the cobra amboceptor. Hence in view of the 
iiness with which lecithin combines with albuminous substances, 
, we believe that the activating property of dissolved blood-cclls 
ch we previously described as an “ endocomplement action M is 
\y due to the presence of lecithin or lecithin-like substances in the 
•ma ,. 1 

We have convinced ourselves of the correctness of this assump- 
i jaJso by the fact that lecithin is bound by crystallized horse 
aogrlobin by heating for half an hour to 62° C. 2 An experiment 
his kind is reproduced in Table IX. 

A. solution of haemoglobin heated for half an hour to 62° C. is also 
i to inhibit the activating property of lecithin when digested with 
for half an hour at 37° C. 

The lecithin character of the activating substance present in the 
blood-cells is confirmed by a number of other observations which 
with the analogous character of cobra-venom haemolysis on the 

We were able to completely extract the activating substance from the 
;j a ta suspensions by means of alcohol. Besides this, in activating with 
ia ta in the presence of excess of cobra venom, one observes an inhibition 
>molysis due to the deflection of the lecithin. 

Wo are much indebted to Prof. Hiifner of Tubingen for this haemoglobin. 
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addition of lecithin and of blood solution. These characteristics are 
as follows: 

1. The haemolytic activity at 0°. 

2. The comparatively rapid course of haemolysis. 

3. The marked inhibitory action of cholesterin. (See Table X.) 


TABLE IX. 


1 

Amounts of 
the Haemoglo 
bin-Lecithin 
Solution, 
cc. 

Ox Blood + 0.01 cc. 1 % Cobra Venom + 
Haemoglobin• Lecithin Solution * 

(a) Native, 

( b) Heated for One- 
half Hour to 62° C. 

1.0 

complete 

0 

0.75 

11 

0 

0.5 

t ( 

0 

0.35 

little 

0 

0.25 

trace 

0 

0.15 

0 

0 


*5 cc. haemoglobinX5 cc. 0,0125% lecithin solution. 


TABLE X. 


Amounts of 
the Cholestenn 
Solution. 

cc. 

1 cc 5% Ox Blood+ 0 01 cc 1% Cobra 
Venom + 

(a) 0.25 cc. Solution 
of Guinea-pig 
Blood.t 

(6) 0.25 cc. 0.01% 
Lecithin.t 

0.025 

0 

0 

0.01 

trace 

0 

0.005 

moderate 

0 

0.0025 

complete 

i 

complete 


t=complete solvent dose. 


It will be remembered that in these three points guinea-pig serum 
exhibited exactly the opposite behavior, a fact which led us to ascribe 
its activating power to true complements. 

We have therefore come to the conclusion that solution by means 
of blood solutions is only a property of the lecithin contained in 
the blood-cell stroma, and is not due to true complements. We 
know that according to Ehrlich’s 1 conception the stromata of the 
red blood-cells are to be looked upon as living protoplasm. In this 


1 Ehrlich, Zur Physiologie und Pathologie der Blutscheiben, Charity An- 
naLen, VoL X, 1885. 
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respect the demonstration of lecithin in the stroma would appear to 
be of special interest, for just this substance is regarded as particu¬ 
larly important for the functions of the protoplasm. 1 

A further problem, to be sure, is whether this lecithin exists free 
in the red blood-cells. We have a number of reasons for believing 
that this is not the case. It was first shown that in yolk of egg 
only a small part of the lecithin can be shaken out with ether, whereas 
by extracting with alcohol the entire amount can be obtained. 2 The 
reason for this is that the greater part of the lecithin is conjugated 
with the vitellin of the yolk. This combination can be obtained 
as a globulin-like body which is soluble in salt solution and precipitates 
on dialyzing. 3 

The lecithin is obtained free, however, only after extraction with 
alcohol, by which the vitellin also changes and becomes insoluble 
in salt solutions. In demonstrating the presence of lecithin by 
means of cobra venom we too have observed that the serum and the 
red blood-cells yield no lecithin to ether, or if they do it is only in 
faint traces. On the other hand, the active power of the alcoholic 
extracts at once led to the recognition of the presence of lecithin. 

From this point of view some of our earlier observations can 
easily be explained. We stated that solutions of certain species 
of blood-cells were strongly activating, while others showed this 
property to a far less degree or not at all. The alcoholic extracts 
of all species of blood, however, contain nearly the same amount of 
lecithin (demonstrated by the activation of the cobra venom). This 
apparent contradiction is readily explained by the fact that in the 
different species of blood the lecithin is conjugated with different 
substances of the stromata and, furthermore, that the firmness of 
this combination varies extensively. Thus in goat blood the union 
is so firm that the avidity of the cobra venom does not suffice to 
separate the two components; the consequence is that there is no 
activation with a solution of goat blood. On the other hand, in 

1 It has long been known that lecithin is a constant constituent of the 
red blood-cells; for many species of blood-cells this content has even been 
worked out quantitatively. Nothing, however, was thus far known concern¬ 
ing the localization of the lecithin. 

2 See Hoppe-Seyler’s Handbuch der physiologisch- und pathologisch-chem - 
ischen Analyse, Seventh Edition, edited by H. # Thierfelder, Berlin, 1903, 
page 157. 

8 Ibid., page 369. 
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guinea-pig blood, for example, the lecithin is so loosely combined 
that this blood can be used for activation. Hence, in speaking of 
the lecithin action of animal tissues or juices, we refer only to the 
lecithin which is free (available) in the sense just described; part 
or all of the lecithin present may escape detection by means of the 
activation of cobra venom. 

The fact that relatively slight alterations can cause the combina¬ 
tion of lecithin to be either looser or firmer may be of some interest 
in another direction. We have seen that the lecithin of many species 
of sera becomes free only at 65° C., while the haemoglobin, on the other 
hand, anchors the lecithin at 62° C. It is possible that during life 
slight variations in the physical and chemical properties of the tissues 
(variations which have heretofore been undetected) play an important 
r61e in the sense that they properly regulate the exchange and trans¬ 
portation of the lecithin so important for the vital functions. Dieu- 
donn^’s 1 researches show that the albuminous bodies with which 
the lecithin is combined (principally in the form of lecithalbumin) 
are demonstrably modified, even at temperatures still quite distant 
from their coagulation point. This author showed that B. coli, for 
example, when inoculated into a serum lactose solution causes a 
distinct precipitation even at 45° C., while this does not occur at 
37° C. In the case of serum albumin, therefore, the temperature at 
which this modification takes place is very near the temperature 
which occurs in the living organism under pathological conditions. 
In view of this and of the evident dependence of the physiological 
behavior of the lecithin on the integrity of the albumin molecule, 
one is tempted to see a causal relationship between febrile processes 
and disturbances in lecithin metabolism. 


III. The Inhibitory Action of Choiesterin. 

The marked inhibitory action which many sera exert on haemolysis 
with cobra venom and lecithin was described some time ago (Kyes, 
1. c.) and the opinion then expressed that this protective action of the 
serum was probably not due to a single substance but was the resultant 
of several factors. Evidently we are here dealing with certain rela¬ 
tions which exist between serum constituents and the lecithin, making 

1 Dieudonn6, Uber das Verhalten des Bact coli zu nativem u. denaturir- 
tem Eiweiss, Hyg. Rundsch 1902, No. 18. 
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it impossible to demonstrate the existence of the latter by means 
of cobra-venom haemolysis. 1 

Having thus learned that cholesterin exerts a marked inhibiting 
effect on the action of lecithin we shall probably not err if we 
assume that part of the serum protection is due to the choles¬ 
terin present in the sera. One thing which agrees perfectly with 
this assumption is the fact that often this protective action is still 
present after heating the serum to 100° C. 

The marked inhibition of haemolysis on the addition of choles¬ 
terin, an inhibition which applies also to the haemolysis produced 
by lecithin alone when in large quantities, points to an interesting 
antagonism between lecithin and cholesterin, to which a few words 
may be devoted. 2 In this case the cholesterin probably has a rela¬ 
tion to lecithin which is similar to that of saponin in Ransom's well- 
known experiments. 3 In both cases we seem to be dealing with the 
effect of a kind of solvent affinity between cholesterin on the one 
hand and lecithin and saponin on the other, by means of which 
affinity the presence of cholesterin within the blood-cells gives rise 
to toxic action, and outside of the erythrocytes exerts a protective 
action. It is possible that the protection observed by us in haemolytic 
test-tube experiments with cholesterin is in some way connected 
with the protective action of cholesterin against snake venom in the 
animal body described by Phisalix. 4 Another fact may be men¬ 
tioned in this connection, namely, that the haemolysis of washed 


1 On the other hand the specific protection exerted by Calmette’s snake- 
venom immune serum is not an antilecithin effect, but, as was to be expected, 
one depending on the action of the antibody produced by immunization (anti- 
amboceptors) on the amboceptors of snalce venom. When varying amounts 
of lecithin were employed the protective action of Calmette’s serum remained 
constant, always neutralizing the same amount of cobra venom 

2 We may add that, like Noguchi (The Antihaemolytic Action of Blood Sera, 
Milk, and Cholesterin upon Agaricin, Saponin, and Tetanolysin, etc., Univ, of 
Penna. Med. Bulletin, Vol. XV, No. 9, 1902), we observed a very marked choles¬ 
terin protection against the action of tetanolysin. (0.00025 cc. of our stock 
solution, which certainly contains not more than 1% cholesterin, protects against 
the complete solvent dose of tetanolysin (0.05 cc.).) On the other hand, choles¬ 
terin is absolutely without effect on the hsemolyses due to staphytolysin and 
arachnolysin. In connection with this we might mention the fact so inter¬ 
esting biologically, that even so indifferent a substance as neutral olive-oil dis¬ 
solves the red blood-cells. This haemolysis is likewise inhibited by cholesterin. 

8 Ransom, Saponin und sein Gegengift, Deut. med. Wochensch. 1901. 

4 Phisalix, Compt. rend, de la 8oc de Biologie, 1897. 
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guinea-pig blood-cells, in themselves susceptible to cobra venom 
alone, is also inhibited by cholesterin. To be sure, rather large quan¬ 
tities of the latter are required, but in view of the lecithin character 
of the substances which functionate as endoactivators, this is to be 
expected. (Bee Table XI.) 

TABLE XI. 



On the other hand, as already remarked, cholesterin exerts little 
or no protection against cobra-venom haemolysis when serum com¬ 
plement is used for activation. This agrees entirely with the nega¬ 
tive findings on the protective action of cholesterin recently reported 
by Flexner and Noguchi in an interesting paper on the amboceptor, 
toxoids, and separate constituents of snake venom. 1 

The apparent deviations are probably to be explained merely by 
the different conditions of the experiments, for, as it appears to 
us, these authors made their experiments only on unwashed blood- 
cells or by the addition of serum. In both cases, however, one is 
dealing with an activation with complement, against which we also 
failed to detect any marked protection with cholesterin. 


IF. T*he Quantitative Relations Existing Between Cobra Venom 

and Lecithin. 

Bo far as the mechanism of cobra-venom-lecithin haemolysis is 
concerned, we assume that the lecithin acts after the manner of 
complements, being anchored by certain definite groups of the poison 
molecule. This has previously been described by Kyes, 1. c. 

Cobra venom and lecithin accordingly combine just like am¬ 
boceptor and complement in serum hsemolysins, and it was there¬ 
fore to be expected that the quantitative relations which, exist be- 

1 Ftexaer and Noguchi, The Constitution of Snake Venom and Snake Sera 
IMv of Peana. Med. Bulletin, Fob XV, No. 9, 1902. * 
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tween amboceptor and complement would be very similar in this 
case. In our studies in haemolysis due to cobra-venom-lecithin we 
have therefore been able to observe the same mutual dependence 
between amount of amboceptor present and the complement re¬ 
quired which the researches of von Dungern, 1 Gruber 2 and Morgen- 
roth and Sachs 3 showed to exist in their experiments. The rela¬ 
tion between these amounts is such that when large amounts of 
amboceptor are present, smaller doses of complement suffice for 
haemolysis. 

To be sure, when an inordinately large amount ot cobra venom 
is added the amount of lecithin required for complete solution is 
also larger, as has already been mentioned by Kyes. This is evi¬ 
dently explained by assuming that when the amour} t of amboceptor 
is excessive the distribution of the lecithin is such that part of the 
amboceptor loaded with lecithin is deflected and does not come 
into action. If, however, the amount of cobra venom is decreased^ 
results will be obtained which, within wide limits, agree with those 
observed by Morgenroth and Sachs (1. o.) with serum haunolysins- 
The more cobra venom one adds the less lecithin will be needed to effect 
complete hcemolysis, and, conversely, in adding larger amounts of 
lecithin the minimal complete solvent dose of the cobra venom is 
constantly decreased. This is well shown by Table XII. 

TABLE XII. 

a. 

1 cc 5% Ox Blood. 

The Amount ot Cobra 
Amounts of the 0 025% Venom (1 %) Nec©« 
Lecithin Solution. nary to Effect Com¬ 
plete Solution 


From these experiments we see that the quantitative relations 

which exist between cobra venom and lecithin furnish an additional 

1 von Dungern, pag© 30. 

7 Gruber, Wiener kiin. Wochenseh. 1902, No. 15. 

8 Morgenroth and Bachs, pages 233 and 250. 


0.3 

0.00001 

0.06 

0.0001 

0.03 

0.005 


1 cc. 5% Ox Blood. 


Amounts of the 
1% Solution of 
Cobra Venom. 


The Amount of Leci¬ 
thin Solution (0.025%) 
Necessary for Com¬ 
plete Solution. 
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argument for the view that cobra venom and lecithin behave like 
amboceptor and complement. 


V. The Susceptibility of the Red Blood-cells. 

These observations show that in comparing the susceptibility of 
the various species of blood to cobra venom the limit of activity of 
the venom must be determined with the optimum quantity of lecithin. 
The values thus obtained may be regarded, so to speak, as the “ abso¬ 
lute susceptibility” of the blood-cells. In Table XIII the minimal 
complete solvent dose is determined for several species of blood on 
the addition of an abundant quantity of lecithin (0.2 cc. of a 0.025% 
lecithin solution). 


TABLE XIII. 


Species of Blood 

(1 cc. of a 5% 
Suspension). 

Amount of Lecithin, 
cc. 

Complete Solvent 
Dose of Cobra 
Venom. 

Gram. 

Guinea-pig.... 

Ox. 

0.2 cc. of a 0.025% sol. 

< i 

0.00000005 
0.0000001 
f) nnnnnnox 

Rabbit. ...... 

11 

Man. 

11 

vJi UuUUUu^O 

Goat. 

{t 

u. uuuuuuo 

f) nnnn/ii 

L._ 


u. UUUUUl 


If we compare these values with the susceptibility of the various 
blood-cells with cobra venom alone (see Table XIV) we shall see 
that when the latter is used the amount of venom necessary for 
complete haemolysis is many times greater than when a sufficient 
amount of lecithin is added. Thus the absolute susceptibility of 
guinea-pig blood against cobra venom-{-lecithin is 500 times greater 
than that obtained without the addition of lecithin. 

, ^ This shows also that although guinea-pig blood heads the list 
in either case there are marked deviations, so far as the other bloods 
are concerned, from the results obtained on the addition of lecithin 
Os blood, for example, which is not at all susceptible when lecithin 
!S lacking is more susceptible than either rabbit or human blood 
when lecithin is present. Yet the two latter species of blood are 
dissolved even without the addition of lecithin.' 

We thought it would be especially interesting to study the sus- 
«^hty of human blood-cells to cobra venom In varioj distales 
In the few cases thus far observed (several healthy persons, two cases 
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of diabetes, one of pneumonia, and one typhoid) we were unable to 
discover any essential difference in susceptibility. 1 


TABLE XIV. 

Susceptibility of Various Species of Blood to Cobra Venom Alone 


Species of Blood (1 cc. 5% 
Suspension). 

Amount of Cobra 
Venom Required lor Com¬ 
plete UujmolyHis. 

Frog. 

0.00001 

0.000025 

0.000025 

0.00005 

0 00025 

0.00025 

0.00025 

0.0005 

0.001 

0.001 

not susceptible 

Dog. 

Oninea-pig. 

Man . 

Rat. 

Pig. 

Mouse. 

r»onKo. 

Rabbit. 

Horse. 

Ox sheep, goat. 



As a result of our extensive researches we must continue to 
uphold the view that blood species are clearly divisible into those 
directly susceptible to cobra venom alone and those not suseeptible 
under those conditions. This follows also from the above table. In 
this respect our observations are at variance with the recent state¬ 
ments of such excellent workers as Flexner and Noguchi. It rtmy 
be well therefore once more to point out a few possibilities by which 
this difference can be explained. Flexner and Noguchi observed 
that, in general, after copious washing, the blood-cells were not dis¬ 
solved by cobra venom, or at least were only partially dissolved. 
In spite of repeated washing of the blood we were unable to discover 
any decrease in susceptibility. 

If Flexner and Noguchi insist on such a thorough washing ((MO 
times) it appears to us that it can no longer be a question of removing 
the serum complements. The small quantities of serum which are 
contained in the 0.05 ce. blood employed in each tube in the test- 
tube experiment (1 ce. of a 5% suspension) are entirely too small, 
according to our experience, to exert a demonstrable complement 


1 It is possible that investigations in other diseases will lead to positive 
results. We are not in a position to apply our observations to more extensive 
clinical material, but shall be glad to supply cobra venom for this purpose 
to any one applying for the same. 
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action after one or two clings. We are therefore more inclined 
Z 2>me that the insusceptibility observed by Flexner and Noguchr 
is due to a washing out of the activating substances present m the 
blood-cell One of us has already reported such extraction phenom¬ 
ena (Kves 1 e.); we have, however, been unable to repeat the ex¬ 
periments ’ It is possible, as has already been stated, that the 
divergent results are due to minute differences in the experiment, 
differences which for the present at least cannot be analyzed, lb 
is also possible that a certain degree of racial divergence in the blood- 
eells of animals of the same species used by Flexner and Noguchi 
and by us gives rise to what at present is an inexplicable difference. 
In the blood-cells employed by us the activating substances could 
not readily be washed out. This is shown by the fact that the acti¬ 
vating substances are so firmly hound to the protoplasm that they 
are not separated even in preparing the stromata. 

Attention is also called to the antagonism which is so often 
observed between blood-cells and their own serum. This has already 
been pointed out by Kyes. Thus rabbit blood-cells are dissolved 
by cobra venom, and this action is intensified by the addition of 
rabbit blood-cells which have been made laky. In spite of this, 
however, the active serum of the same rabbit inhibits cobra-venom 
hiemolysis (see Table XV). In this case, therefore, adherent traces 
of serum cannot possibly effect autoaetivation of the rabbit blood- 
cells. 


TABLE XV. 


Amounts erf the 
1 % Cobra Venom. 

ec. 

1 cc. 5% Rabbit Blood •+ 

. 

: Cobra Venom Alone. 

Cobra Venom-1-0 05 cc. 
Rabbit Serum. 

Cobra Venom + 0.05 cc. 
Rabbit-blood Solu¬ 
tion (^). 

0.1 

complete 

0 

complete 

0.05 ■ 

almost 0 

0 

11 

0.025 

0 

0 

11 

0.01 

0 

0 

(t 

0.005 

0 

0 

(t 

0.0025 

0 

0 

i c 


There is another point of considerable interest in connection with 
these questions, one very important for the technique. The sus¬ 
ceptibility of the washed blood-cells can readily be overlooked in 
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many cases owing to the occurrence of a marked inhibition of haemolysis 
clue to the presence of an excessive amount of cobra venom. 

Kyes (he) has already discussed in detail the fact that in hae¬ 
molysis with cobra venom alone a phenomenon can occur which is 
analogous to the deflection of complement described by M. Neisser 
zxnd Wechsberg. 1 In rabbit blood we have observed extensive indi¬ 
vidual differences so far as this deflecting phenomenon is concerned. 
"We have often found animals whose blood-cells remained undissolved 
in the presence of even a very slight excess of cobra venom, so that 
it was necessary to have just the right amount of venom in order 
to effect haemolysis. Table XVI shows several examples of this. 


TABLE XVI. 


Amounts of 1 % 
Oobra Venom 

cc. 

1 cc 5% Rabbit Blood. 

Rabbit 

I. 

Rabbit 

II. 

Rabbit 

III. 

Rabbit 

IV. 

1.0 

0 

— 

— 

— 

0.5 

faint trace 

— 

— 

— 

0.25 

little 

— 

— 

— 

0.1 

complete 

0 

trace 

complete 

0.075 

almost 0 

complete 

— 


0 05 

0 

moderate 

marked 

11 

0.025 

0 

0 

complete 

t c 

0.01 

0 

0 

trace 

(t 

0.005 

0 

0 

0 

strong 

0.0025 

0 

0 

0 

trace 

0.001 

0 

0 

0 

almost 0 

0.0005 

0 

0 

0 

0 


The marked deflection which is observed in the blood of rabbits I, 
II, III is evidently caused by a relatively slight amount of activating 
substances present in and at the disposal of the red blood-cells. On 
*;he other hand the different behavior of other bloods, as in rabbit IV, 
shows how the amount of free lecithin contained in the- blood-cells 
can vary from case to case. It might pay to examine the blood 
of different rabbits for this purpose. 


1 Bee page 120. 



1 


COLLECTED STUDIES IN IMMUNITY. 


YI. A Few Chemical Considerations. 

rirn i] v we should like briefly to discuss some of our experiences 
th/ ,’nurr possessed by certain other substances to activate 
" In view of it/content of lecithin, it mil not surprise- 
Z krov that bile activates cobra venom. It may be interesting* 
/ to loam that goat milk acquires activating properties only 

^ rI: ‘iV has previously been heated to 100° C. This behavior corre- 
entirely to that of certain species of sera whose lecithin does 
,'. f Uvoir.c available until after they have been heated to 65-100°. 
Aijinr.iT chemical substances we have found a number of fatty acids 
uvd ? heir soaps, chloroform, and olive oil able to activate to a cer- 
f;uii (ii’trreo. All these substances by themselves, however, dissolve 

bUnl-eells to a greater or less degree 1 and the increase of this 
ait inn i> so slight that it is doubtful whether we can here speak 
of pure activating phenomena. 2 

According to our experiences only one more substance, namely, 
the lecithin-like eephalin, possesses marked activating properties. 

Vrebrin does not possess them.) For this eephalin we are indebted 
to Walilemar Koch of Chicago, who made it from sheep's brain. 
According to him, it is a dioxystearylmonomethyl lecithin. 3 The 
<*r pha3in (which is insoluble in alcohol) and the lecithin (which is 
soluble in alcohol), both made by Koch from sheep's brains, further¬ 
more two other preparations of lecithin (one from Riedel in Berlin* 
the other kindly placed at our disposal by Dr. Bergell), all these 
manifested a haemolytic action (if at all) only in 500-600 times the 
amount sufficient to activate the cobra venom. 

A preparation of lecithin derived from leguminous seeds, for 
we are indebted to Prof. Schulze of Zurich, showed less dif¬ 
ference between activating power and haemolytic action, but even 


1 It Is possible that the coctost&ble hemolysins (soluble in alcohol-ether) 
tf tilt organ extracts belong in the same class with these substances (see 

Kortebui! mi Morgeoroth, page 267). 

1 ^ always be borne in mind that the activating property of these sub¬ 
stances HMjr possibly only be an indirect one, the presence of the substance 
to make available the lecithin always present in the blood-cells in 

mbfatfon. 

W, Koch, Zur Kenn truss des lecithins. Cephalitis tmd Cerebrins aus Nerven- 
wdwimz, Zeitseh.f physiol. Chemie, Vol.36, Nos 2 and 3, 1903. 
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S'a/tio was still 1:200. A lecithin obtained from E. 
similarly. Nevertheless all of these preparations 
r ^c^xial in their activating power. It is hard to say whether 
- eliolin radical or the fatty-acid radical represents the 
^ore group of the combination formed by the union of 
the cobra venom. It may be mentioned, however, 
cholin exerts no haemolytic effect, and that sinapin 1 
ether of cholin), despite the cholin radical which it 
HHosses no activating power. We are therefore inclined 
hzxt the toxic action is caused by the fatty-acid radical 
bx molecule. This also agrees with the haemolytic action 
in neutralized stearylglycerophosphoric acid and in 
^ixbioned fats and fatty acids. We shall report on further 
* blxis direction at a subsequent period, 
inion we may be permitted to discuss- briefly a few inci- 
vxxtions. Among these is the fact that hydrochloric acid 
uses no destruction or weakening of the cobra venom, 
a marked protective action on the same. A venom 
eh completely loses its activity by heating to 100° C. 
nnxites can be heated for half an hour to 100° C. without 
‘nmolytic property if it contains Vis n HC1. Not until 
on-banning the acid is heated for two hours to 100° C. 
i complete. Possibly the protection exerted by the acid 
3 the basic character of those binding groups of the* 
molecule which are here concerned. So far as the 
>tlxor agents on the cobra venom is concerned we shall 
bhat all procedures which prevent the action of the 
, x rt the animal body 2 (an action due mainly to the 
omponents of the poison 3 ) also destroy the haemolytic 
venom. Examples of this are powerful oxidizing sub- 
Hglum permanganate, chloride of lime, chloride of gold,. 

>• 

© aai-e indebted to Gebeimrath Schmidt in Marburg. 

illy 1xbe detailed and excellent investigations of Calmette, Annales 

ur, T. VIII, 1894. 

ir Noguchi, 1. c. 
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ItesurrU. 

1. The property of certain sera to activate cobra venom, a prop- 
crtv which is lost by heating the sera to 56 C., depends on the presence 
of complements in the restricted sense. 

2. The activating property of blood solutions depends on the 
lecithin contained in the red blood-cells; this also gives rise to the 
susceptibility of the blood-cells against cobra venom alone. The 
lecithin which comes into play is a constituent'of the stromata. 

3. The fact that blood solutions are inactivated by heating to 
62° V. is due to the combination at this temperature of the lecithin 
with the haemoglobin; suspensions of blood stromata are not inacti¬ 
vated at this temperature. 

4. Cholesterin inhibits to a high degree haemolysis by means of 
cobra venom alone, and of cobra-venom-lecithin. When serum 
complements are used for activation, cholesterin exerts little or no 

protective action. 

5. Cholesterin does not inhibit haemolysis due to staphylolysin 
and arachnolvsin, but very markedly inhibits that due to teta- 
nolysin and to olive-oil. 

6 The quantitative relations between cobra venom and lecithin 
correspond to those of amboceptor and complement; the more cobra 
venom present the less lecithin will be required for haemolysis, and 
vice versa. A deflection of lecithin does not occur unless very large 
amounts of cobra venom are used. 

7. Most species of blood are susceptible even to cobra venom 
alone. The “absolute susceptibility” determined with the optimum 
addition of lecithin may be many times that obtained without the 
addition of lecithin. 

8, Hydrochloric acid exerts a marked protection on cobra venom 
against destruction through high temperatures. Potassium per¬ 
manganate, chloride of lime, chloride of gold, soda lye destroy cobra 
venom (experiment with blood-f lecithin). 

§. Bile activates cobra venom; milk (goat) only after it has pre¬ 
viously been heated to 100° C. 

10. Patty acid, soaps, chloroform, and neutral fats have a hemo¬ 
lytic action. The haemolytic action is somewhat increased on the 

addition of cobra venom. 

11. Lecithin and cephalin, on the other hand, exert a hemolytic 
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action on the ordinary species of blood only, if at all, when 200 or 
600 times the amount is used which suffices for activating the cobra 
venom. 

12. In the poisonous combination formed on the union of cobra 
venom with lecithin the fatty-acid radical may, with a certain degree 
of probability, be regarded as the active group. 




XXXVI THE ISOLATION OF SNAKE "VENOM 
LECITHIDS. 1 


By I>r Preston- 
of 


Kyes Instructor in Anatomy, University of Chicago, Fellow 
the Rockefeller Institute for Medical Research, 


g PFmL Interest attaches to the study of snake venoms be- 
eilI l e of the analogy which exists between their peculiar character 
and t hat of bacterial toxins. All investigators who have worked with 
this subject have been struck by this analogy, and Phisalix 2 has dis¬ 
cussed it in a special monograph. The analogy between snake venoms 
arid bacterial toxins consists, above all, in the fact that neither are 
crystal lizable, that their constitution is unknown, that both are 
highly virulent specific products of poison-forming cells, and both 
po^ess the power to excite the production of antibodies in the 
organism. This last fact we know from the fundamental researches 
of Calmette . 3 

A further analogy between snake venoms and the toxins is the 
fact that the poisonous properties of both are destroyed by heat, 
and that the non-toxic substance thus formed is able to excite the 
production of antibodies just as well as the original substance. In 
other words, in both poisons there is a formation of toxoid. Snake 
venom has accordingly played an important role m the theoretical 
doctrine of immunity. Martin and Cherry, 4 for example, by their 
well-known filtration experiment were able to prove‘that snake venom 
and specific antitoxin unite to form anew non-poisonous combination. 
This experiment is based on the principles first formulated by Ehrlich 


1 Reprint from the Berliner kliru Woehensch. 1903, Nos. 42 43. 

* Phisalix, Etude compare des toxines mierobiennes et des venins, L’AnmSe 
tMologique I, 1895. 

* Calmette, Ann. de PInstitut Pasteur, No. 5,1894. 

* Martin and Cherry, Proceedings of the Royal Society, Vol. LXCII, 1898. 
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in his studies on ricin and antiricin, and the results are entirely similar 
to Ehrlich's. 1 

Still another important analogy between snake venoms and bac¬ 
terial poisons consists in their plurality, a fact which has been demon¬ 
strated for a number of poisons. In the ordinary well-defined chem¬ 
ical poisons we are accustomed to regard the diverse toxic phenomena 
as due to the action of one and the same substance on different organs. 
(In poisoning with corrosive sublimate, for example, the diverse 
toxic phenomena which are produced in the various organs.) The 
toxins, however, have to a large extent shown a different behavior, 
the action on different organs being ascribed to different kinds of 
poisons, which frequently possess different haptophore groups. The 
possibility of correctly and sufficiently analyzing these poisons de¬ 
pends in a large measure on Ehrlich’s theory of the combination of 
these poisons. In this way it has been shown that tetanus toxin 
consists of at least two components, tetanospasmin and tetanolysin, 2 
to which, according to Tizzoni, a third poison must be added, one 
which gives rise to the cachexia. 

[ In snake venom the conditions are entirely similar, the different 

■ effects which it produces in the animal body being due to the presence 

\ of different poisons with different haptophore groups. The late 

S lamented Myers 3 showed that the lurmolytie property of snake venom 

\ is to be separated from its neurotoxic property; and recently Flexner 

j and Noguchi 4 have shown that the oedematous swellings produced 

i by injections of snake venom are due to the presence of a third toxic 

/ component acting on the endothelium. 

[ For some years I have closely studied cobra venom, and especially 

that constituent of the same which causes solution of the red blood- 
cells. Part of these researches were conducted conjointly with Dr. 
H. Sachs. 5 I was able to confirm the interesting observation of 
Flexner and Noguchi 6 that the snake venom, as such, did not act 
j on certain blood-cells, but that haemolysis occurred only when a second 

I substance is present which acts after the manner of a complement. 

! _ _— .__ . ........ 

i 1 Ehrlich, Fortschritte dor Medizin, 1897. 

1 2 Ehrlich in Madsen's paper, Zeitschrift f. Hygiene, Vol. XXXII, 1899. 

I 3 Myers, Journal of Pathology and Bacteriology, 1900, VI, 405. 

i 4 Flexner and Noguchi, Univ. of Penna. Medical Bulletin, Vol. XV, No. 9. 

I 1902. 

1 8 Kyes, see page 291j Kyes and Sachs, see page 443. 

i 8 Flexner and Noguchi, Journal of Exp. Medicine, Vol. VI, No. 3. 1902. 
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Rv following up a very important observation made by Cal¬ 
mette , 1 that the complementing action of a serum, in contrast to 
what is seen with ordinary complements, is still preserved after heating 
to IL )0 C* we succeeded in discovering what this complementing agent 
was, and proved that lecithin was able to activate the cobra venom 
amlxiceptor. Especially were we able to show that the divergent 
Jxdiavior of the various species of blood-cells (some of them, ox blood, 
goat blood, sheep blood, are not dissolved by cobra venom alone, 
while others, such as guinea-pig blood, rabbit blood, human blood, 
dog blood, are dissolved under these circumstances) is due exclusively 
to the lecithin, only those blood'cells being dissolved in which the 
lecithin is so loosely bound that it is available for the activation of 
the eobra-venom amboceptor. 2 

An exact study of these activating phenomena by means of lecithin 
seemed to us to be of the highest importance for one of the fundamental 
problems of immunity, namely, the mode of action of complements. 
Every one who has had any large experience with the activation of 
ordinary haemolytic amboceptors by means of complements, and 
who compares this activation with that of cobra venom by means of 
lecithin, will be surprised at the complete similarity of both processes, 
and will not doubt that essentially the same mechanism must control 
both. For some years the schools of Bordet and Ehrlich have had 
a sharp conflict of opinion concerning the explanation of the funda¬ 
mental facts observed by Ehrlich and Morgenroth, that the amboceptor 
is anchored by the red blood-cells, thus making the blood-cells sus¬ 
ceptible to the action of the complements. For numerous reasons 
which are given in the earlier studies, Ehrlich's school assumes that 


1 Calmette, Compt. rend, de PAcad. des Sciences, T. 134, No. 24 , 1902. 

’Some time ago we confirmed the observations of Flexner and Noguchi 
tlmt blood-cells unsusceptible to cobra venom alone can be activated by certain 
fiwiti sera, and that this activatibilifcy is then lost on heating the sera to 56° C 
In conformity with these authors we assumed that the cobra venom could 

'T Com P bmenfcs - At present, however, we have become 
mtlier skeptical as to the correctness of this explanation. We cannot at once 
#««« the assumption that the action is an indirect one, the action of the 

le ^ mcomh ^ th ^ ^e red blood-cells to become looser 
» fliat then this substance can exert its activating power on the amboceptor 
TO« fiwls further support m several observations which we have mad! 
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complement and amboceptor unite to form a new poisonous combina¬ 
tion, and this is the view which I also take. Bordet, however, even 
in his latest study 1 asumes that there is no direct affinity between com¬ 
plement (alexin) and amboceptor, but “que la sensibilatrice modifie 
]’6ldment de mani&re k lui faire aequ6rir le pouvoir de fixer directement 
l’alexine avec beaucoup d’energie/' 

The Frankfurt Institute has furnished a number of important argu¬ 
ments for the direct union of amboceptor of complement. Because 
of the lability and great number of the complements as well as the 
impossibility to isolate the active product chemically it was out of the 
question to furnish direct chemical proof for these views. Nor is there 
in the present state of scientific knowledge any hope that this problem 
will be solved in the near future. For this reason we rejoiced in the 
discovery that in lecithin we bad found a substance possessing 
complement-like properties, and which because of its chemical 
behavior would serve to settle this dispute. 

In other words, it was to be seen whether or not the cobra am¬ 
boceptor combined directly with the lecithin to form a new haemolytic 
combination. If it did not do so, it would help sustain Bordet's 
view that the union of the cobra venom amboceptor serves only to 
give the lecithin access to the blood-cell. From the following studies 
it will be seen that the decision which we had been led to expect 
as the result of our biological experiments is confirmed by chemical 
means. 

One thing especially argued for the correctness of our conception, 
namely, the fact that it is possible to inhibit the cobra venom 
haemolysis by employing very large amounts of cobra amboceptor. 
In that case susceptible blood-cells which can be dissolved by a 
certain definite amount of cobra amboceptor are no longer dissolved 
if many times this amount is employed. This corresponds to the 
phenomenon which we observe in certain bactericidal sera, and 
which according to Neisser and Wechsberg is due to a deflection of 
complement through an excess of free amboceptor. The result is 
comprehensible only on the assumption of a direct chemical affinity 
between amboceptor and complement. For this reason we felt that 
it would be of the greatest interest to gain a clearer insight through 

1 Mode d> action et origine des substances actives, des scrums pr^ventifs 
et des scrums antitoxiques. Rapport presents par J. Bordet au Congr&s de 
Hygiene et Demographic, 1903. 
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chemical means into the analogous deflection of complement observed 
with cobra amboceptor. 

I. Preparation of Cobra Lecithids. 

Owing to the tenacious character and the slight solubility of lecithin 
in water it was, of course, impossible to attempt to effect the desired 
combination by direct mixture of the aqueous solution of cobra 
venom with lecithin. On the contrary it was necessary to adopt a 
common chemical procedure, “shaking out,’ 7 whereby, through the 
agency of an appropriate solvent, the lecithin could combine with 
the cobra venom. After a number of trials we found the best solvent 
for this purpose to be chloroform. 

In our experiments we employed dried cobra venoms which had 
kindly been placed at our disposal by Dr. Lamb and Dr. Greig of 
Bombay, and Prof. Calmette of Lille. The lecithin used was the 
so-called “Lecithol” of Riedel, and later on “Agfa-lecithin” of the 
Actien-Gesellschaft fur Anilin-Fabrication. Both of these proved to 
be excellent. Special emphasis must be laid on a sufficient purity 
of the lecithin. For our purposes this is best recognized by testing 
it against red blood-cells. 0.5 cc. of a 1% solution of the lecithin 
should not dissolve red blood-cells. If the contrary is the case the 
lecithin should be purified by precipitating it once or twice with 
aceton. 1 

Forty cc. of a 1% solution of cobra venom in a 85% salt solution 
are mixed with 20 cc. of a 20% solution of lecithin in chloroform. 
The mixture is placed in a bottle holding about 100 cc. and thor¬ 
oughly shaken for two hours in a shaking apparatus. Thereupon 
the mixture is centrifuged for- three-quarters of an hour in an electric 
centrifuge making 3600 revolutions per minute. If the procedure 
has been successful the chloroform layer must then be distinctly 
separated from the watery portion, only a very slight compact, 
cloudy, intermediate layer being present. If the lecithin is not 
sufficiently pure this separation will not take place. The watery 
portion is separated from the chloroform layer by carefully pipetting 
off the former. The chloroform layer, usually measuring about 

l We were also able to activate cobra amboceptor with a brom-Iecithin 
which Dr. Bergell kindly placed at our disposal. This preparation proved less 
active than lecithin, but it evidently possesses the power to unite with cobra 
amboceptor to form a lecithid. 
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Ml rc\, is t hen mixed with five times its volume of chemically pure 
ether which has been distilled o\er sodium. A precipitate forms 
eon>otnm of the desired cobra \enoni lent hid, while the lecithin 
remains dis,>olved in the ether. 

Precipitate and fluid are separated by means of the centrifuge, 

the original volume of ether again added, shaken, and the mixture 

once more centrifuged This is repeated at lea>t ten to twenty times 

in order to remove any adherent lecithin. The substance thus ob¬ 
tain* d is the cobra venom lenthiih 

The product can be kept for a long time under ether, apparently 
undergoing little or no change; or it can be carefully dried, through 
which however, it suffers some change, affecting especially its solu¬ 
bility but not its action. The yield of dry substance is quite large, 
1 grm. of dry cobra venom yielding about 5 grms. dry lecithid. 1 

After having worked out the best method for obtaining the cobra 
ledthid it was next necessary to determine by biological means 
whether the product isolated by us showed itself through its specific 
action to be the cobra-amboceptor-lecithin combination sought for. 
That this was actually the case could be proven in two ways, 
namely: 

1. By showing that the extracted watery fluid has lost its haemo¬ 
lytic property, and 

2. By showing that this property is now present in the chloroform- 
lecithin solutions (see Table I). 

So far as the behavior of the aqueous solution is concerned it can 
actually be shown that the single treatment with chloroform-lecithin 
removes all but traces of the haemolytic power, and that a repetition 
of the procedure suffices to remove all of the haemolytic agent from 
the watery solution Corresponding to this we find that the haemo¬ 
lytic power of the watery solution has been transferred completely 
to the chloroform-lecithin portion, a fact which shows that the leci¬ 
thin has united with the cobra venom (Table I). 


’ If one has but very little of the primary substance at one’s disposal another 
method of preparing the lecithid can be tried, one which will answer at least 
for preliminary examinations. 1 cc. of a 4% aqueous solution of cobra venom 
is mixed with 1 cc. of a 20% solution of lecithin in methyl alcohol, the mixture 
is kept in an incubator for several hours and frequently shaken; then 10 cc. 
absolute ethyl alcohol ire added and the precipitated albuminoids separated 
by filtration. On precipitating the clear filtrate with ether, one obtains the 
lecithid. 
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TABLE I. 


1 cc. 5% Ox Blood + 0.2 cc. 0.1% Lecithin. 


CC. 

A. 

Native 0.001% 
Cobra Venom 
(Control). 

B 

Cobra Venom 
Shaken Once 
with 0 1% 
Chloroform 
Lecithin 

B 

Cobra Venom 
Shaken Out 
Twice with 
10% 
Lecitlun- 
Chloroform. 

c 

Cobra Lecithid 
from Chloroform - 
Lecithin by Pre¬ 
cipitating with 
0.002% 

IM her r 

1.0 

0.75 

0.5 

0.35 

complete 

i t 

11 

a 

complete 

tt 

a 

tt 

nil 

11 

a 

tt 

complete 

a 

$t 

0.25 



tt 

a 

0.15 





0.1 

almost comp. 



a 

0.075 

marked 

11 

— 

* 4 

0.05 

little 

< t 

— 

almost complete 
marked 

0.035 

trace 

almost comp. 

— 

0.025 

almost nil 

moderate 

— 

little 

0.01 

nil 

little 

— 

trace 

0.0075 

tt 

trace 

■— 

alnioKt nil 

0.005 

tt 

almost nil 

— 

nil 

0.0035 

tt 

nil 

— 

« 4 

0.0025 

tt 

tt 

— 

* 4 

0.0015 

Number of solvent 

tt 



4 4 

doses reckoned on 
the total original vol¬ 


800 

0.0 ; 

260,000 to 
267,000 

ume of 40 cc. 

266,000 to 
267,000 

Percentage of hsemoly- 
sins in each solution. 

100% 

0.003% 

0.0% I 

100% 


1 Id comparison to the original aqueous solution ol venom 


The assumption that the cobra amboceptor is extracted by chloro¬ 
form alone is refuted by control tests. 

The neurotoxic action of the native poison is entirely alment in 
the cobra lecithid. Relatively large quantities of the lecithid in 
aqueous solution can be injected subcutaneously into animals with¬ 
out producing constitutional symptoms. For example, an amount 
of lecithid which suffices to destroy 200 cc. mouse blood can Iks 
injected into mice weighing 15 gratis, without causing any further 
symptoms than infiltration at the site of injection. In like manner 
rabbits can be injected subcutaneously with 10 cc. of a 1% solution 
of the lecithid without causing any constitutional symptoms. In this 
case, however, the local reaction is extensive* the infiltrated area 
often including a considerable portion of the abdominal surface. 
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According to this, therefore, the second constituent of cobra 
venom does not pass into the chloroform-lecithin. In this respect^ 
however, we have been able to demonstrate that the watery portion 
which has practically been freed from the hsemoyltic amboceptor still 
possesses its toxic properties in animal experiments. (See Table II.) 
The essential difference between the hsemotoxin and the neurotoxin, 
first pointed out by Myers, is thus confirmed by direct chemical 
means. 


TABLE II. 

Comparative Test op the Neurotoxic Action of a Solution op Cobra 
Venom ( a ) Before and (6) After Shaking the Cobra Amboceptor 
with Chloroform-Lecithin. 


0.01% Venom. 

(a) Native Venom, 

(6) Extracted Venom. 

0.5 

t after 2 hours 

f after 1 hour 

0.35 

t “ 2J hours 

t “ 1} hours 

0.25 

t “ ii “ 

t “ i hour 

0.15 

t “ 24 “ 

\ “ 8 hours 

0.12 

f ‘ ‘ 30-40 hours 

t “ 30-40 hours 

0.1 

living 

living 


II. The Properties of Cobra Lecithids, 

In the description of cobra lecithid we shall do best to keep to 
the product obtained by the method above described, the last traces 
of lecithin having been removed from the ethereal precipitate by 
repeated washing with ether, and the main portion of the ether in 
turn removed by pressing the precipitate between two folds of filter- 
paper. 

This primary product is insoluble in aceton and ether, but soluble 
in chloroform, in alcohol (cold), and in toluol (on heating). The 
solutions in chloroform and in alcohol are precipitated by the addi¬ 
tion of ether and aceton. When still moist with ether it dissolves 
very readily in water, a point of some importance. Even if the 
ether which the product contains is rapidly evaporated by means 
of a current of air and the product then dissolved in water an abso¬ 
lutely clear, light-yellow solution will be obtained. 

These facts show that the primary product is absolutely different 
from the two substances from which it was derived, cobra ambo¬ 
ceptor and lecithin. It differs from lecithin particularly in its insolu- 
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bility in ether and its ready solubility it, water; from eobra venom 
amboceptor in its solubility in the above-mentioned organic >ohe,,D. 
alcohol, chloroform, toluol. Cobra venom does not give up e\en a 
trace of cobra amboceptor to these solvents. . 

It has been found that the watery solution of tin* pnmarv ,-.,b,a 
lecithid obtained from cobra venom and lecithin, a- described 
undergoes spontaneous modification which lends to the f'umatum 
of an insoluble substance. If the watery solution is allotted to mud 
at room temperature it gradually becomes doudv, and in the course 
of a few hours a whitish precipitate is formed. (In removing thb pre¬ 
cipitate, either by filtration or by centrifuge, a precipitate will again 
form in the clear fluid. The sediment is tnirroeryMalime, w hilt* trans¬ 
parent, and very refractile. 

It can easily be shown that, this sediment is not him: but a modified 
form of the lecithid, for after thoroughly washing the precipitate 
which has been separated by the centrifuge, it will be found that 
this still exerts its full hemolytic action. In accordance with thi-, 
the original solution of the- primary product shows a projtortinnate 
loss of power. In one experiment which we followed nit tier Ho ~Hv 
we found that in course of time about two-thinh of the lecithid had 
separated out in solid form, while one-third was still left in solution. 
The secondart/ lecithid produced in this wav is. as already -tated, 
almost insoluble in cold water; on tin* other hand, it i* readily Hu 14 c 
■in warm water, although it again separates on cooling This !«•- 
havior constitutes the chief difference between the primary and the 
secondary lecithid; the behavior of the tvto substances toward tin- 
above-mentioned organic solvent is identical 

Owing to its character the secondary lecithid i« particularly adapted 
for chemical investigations, and out* of tin* foremost authorities h.w 
already commenced work on this substance. Some i»t]<ort.*itit result.* 
which have already been obtained will lie mentioned later on. lor 
•the present we shall merely mention that the product ghe* no biuret 
reaction even when in concentrated solution* We are reserving for 
future study the chemical study of the almve lecithids, iw well m the 
investigation of the neurotoxin obtained in purified form by mean* 
of the method above described. 

' The formation of the secondary lecithid also occur* if the of heron) 
precipitate is dried at incubator temperature. It U then «<it,.y to -,** 
that such a product has more or Icsr completely itwf it* solubility in 
water, especially if it has remained hi the thermostat for several dav*. 
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In its properties the insoluble portion corresponds entirely with the 
secondary lent hid precipitate* from aqueous solutions. To obtain 
the secondary Iocithid as a pure product, however, the method first 
mentioned seems preferable, namely, that which starts with the aque¬ 
ous solution of the primary substance; the result seems to he a lighter- 
colored produet. 

It is natural that this leeithid when finished differs in its action 
in many ways from flu* cobra amboceptor. It can readily be under¬ 
stood that tin* cobra leeithid acts on the* blood-cells of nil the species 
thus far examined, no matter whether these cells possess available 
lecithin or not. One fact of considerable interest has been discov¬ 
ered, namely, that the absolute quant tty of leeithid necessary for 
luemolvsb is t be 1 same for t he blood-cells of different species. We 
found that an amount of leeithid which corresponded to about 0.003 
tug. dry cobra venom w as able to dissolve 1 ee, of a 5% suspension 
of blood-cells of different species (guinea-pig, rabbit, man, ox). This 
quantity, we rimy a*Id, corresponds to the amount of cobra venom 
which causes solution of the* blood-eelIs in the ordinary test when a 
large excess of leeit hin is present 

An observation which is a !ho of considerable interest is a com- 
parboil of the time necessary for the action of the* cobra leeithid and 
the amlmeeptor, with and without the* addition of lecithin. In our 
pnnioiM papers wc pointed out that when cobra venom is allowed 
to net on susceptible blood *eel!s, solution occurs after a considerable 
period of incubation, m that in cam* it minimal quantity is employed 
12 to IK hours (two hours it! H7° t then at 8°) elapse before complete 
solution b effected, - Even if it suitable excess of cobra venom and 
the most useepfihle stoics of blood are employed, at least 10 to 
30 minutes will usual Iv elit|»e before solution is completed, Kimilar 
difference* are observed if, its previously described, we allow colira 
venom and lecithin to act on unsusceptible blood-cells. In 
that ease, again, with minimal quantities of lecithin and ambo¬ 
ceptor (I to IK hours are necessary to effect solution; this time 
is dccreuHixi if large excesses are employed, but solution in never 
iiistiin iatieous. 

In contrast to this a marked decrease in the {ictriod of incubation 
m observed if the finished leeithid m used, solution being instantaneous 
on the employment of concentrated solutions. The shortening in 
the time necessary for solution iMteomei particularly marked when 
small doses of the leeithid are used, solution commencing at once 
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and being completed within 15 to 20 minutes. In other words, the* 
increase in the rapidity of the process is about twenty-fold. 

This behavior is significant, for it shows that in tins ease the period 
of incubation is due not to a slow action of the anchored toxophore 
group (lecithin), but exclusively to the slow development of the real 
toxic agent, the lecithid. The difference in the tune of action in the 
case of small and large doses is in accordance with the well-known 
law that the reaction (in this case the union of cobra amboceptor 
and lecithin) proceeds more rapidly in concentrated solutions than 
in weak ones. 


TABLE HI. 


1 

Amounts of 
Cholesterin 
Solution. 1 

A, 1 

Native Cobra Venom. 

about lfr Solvent 
Doses with the Addi¬ 
tion of Lecithin. 

l co. h% Ox Wood 

n 

Primary Cobra tacit tiki, 
about 1| Solvent 

j 

! 

c. 

Wertmdarv Cobra 

If Hnltruf. Dmr« 

0.1 

0 

o i 

tl 

0.075 

0 

0 

tl 

0.05 

0 

0 

(1 

0.035 

0 

0 

II 

0.025 

0 

0 

0 

0.015 

0 

almoKf 0 

nhwmt fl 

0.01 

0 

Imre 

t rare 

0.0075 

0 

little 

little 

0.005 

almost 0 

moderate 

moderate 

0.0035 

l trace 

marked 

f t lurked 

0.0025 

little 

almost complete 

ftitnert mfifplet© 

0.0015 

moderate 

complete 

eottipielit 

0.001 

marked 

11 

0.00075 

* t 

* 4 

I M 

0.0005 

tt 

« * 

*1 

0.00035 

11 

O 

»* 

0.00025 

almost complete 

t « 

«* 

0.00015 

complete 

| 44 

*' 






1 The solution ol cholesterin was made by diluting I «?* «! % miummi rndmitm rtf 
in hot methyl alcohol, with 0 cc. 85% malt notation 


A third difference between cobra amlxieoptor arid the finished 
lecithid is seen in the behavior toward high temjicrature. The mpicotw 
solution both of the primary and the secondary eobrn lecithid i« 
far more stable than solutions of the amlxMicptor alone. The former 
can be heated to 100° C. for six hours without any particular in 
power, while the amboceptor of cobra venom low* if* action if heated 
to 100° C. for only thirty minutes. Obviously tills is to lie explained 
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by assur^j ^ the combination has become firmer by the entrance 

into it Of molecule. 

rr, ‘ A ^ 0 iarth point of difference, the behavior toward the 

um discovered by Calmette. The finished lecithid 


Ther<^ 


snake-v^ 






0- 


is affecte^ 


& 




^<$0 by this serum than is the cobra amboceptor. We 
m a later article. 


to 


these differences the behavior of cobra lecithid and 

We have 


shall dis<^. 

Tn , v 
In 

cobra a tt*b t>o^ + lecithin toward cholesterin is similar, 

already xn C6 v> : a eC ^ that cholesterin possesses the power to inhibit 
the haer*^ 1:1 _ fc>y means of cobra venom. The same is true in 
XJCX &txm of the finished lecithid, although quantitatively 


ha^moly^ 

to a less c it ^ e ,e. 


(See Table III opposite.) 


lV . The Lecithids of Several Other Poisons. 

Natu.ra.lly it was of considerable interest to see whether this 
peculiar formn-^ 011 °I lecithid (thus far without parallel in chemistry) 
was con fix*to cobra venom, or extended also to other poisons. The 
following poisons, which we owe to the courtesy of Dr. Lamb, Prof. 
Calmette, H> r . XCinyoun, Dr. Dowson, and Prof. Kitasato, have there¬ 
fore been studied by us for this purpose: 

X - Bothrops lanceolatus; 

2. Daboia Russellii; 

3. Naja haye; 

4. Remit; 

5. Bungarus fasciatus; 

e. Trimeresurus anamalensis (Hill viper); 

7. Trimeresurus Riukiuanus (Japan); 

S. Crotalus adamantus. 

In a subsequent article we shall discuss the behavior of these 
poisons toward different species of blood-cells. For the present, how¬ 
ever, wo may that all of these poisons, on the addition of suffi¬ 

cient loci t lain, dissolve the blood-cells examined by us, namely, those 
of man, ^^^^^a-pig, rabbit, ox. With the exception of two poisons 
{Bothrops ^‘ c *'' rt <z&olatus and Trimeresurus anamalensis) the absolute 
quantity Poison necessary to effect solution, an excess of lecithin 

koing present^ is about the same for all species of blood examined; 
0.003 S rloCk " sufficient to dissolve 1 cc. of a 5% suspension. The 
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Bothrops poison is ten times weaker, and that of TrhwnmniH ommm* 
lensis twenty-five times. This observation made the formation nf 
a lecithid seem probable. As a matter of fact it was easy, by iiii-aii* 
of the method above described, to prepare a solid lecithid ulwdi 
contained the entire hemolytic power of the poisons, 1 Heitre we 
believe that in general all hamolytie snake venoms are of the am¬ 
boceptor type and possess a leeithinophile group, the occupation nf 
which by lecithin gives rise to the? lueinolytie art ion. In fart if 
seems as though in the last analysis the factor which determines fb*' 
type of the Imnolytic action of snake; \enom was principally tin* 
leeithinophile group. 

A fact which goes to support this view is the* observation f but 
several of the poisons examined by us probably differ in their hapfn 
phore group, which unites with the receptor of the blood-erlk Tlm> 
Lamb 2 has shown that the Daboia mnl>oeeptar, unlike the rubra 
amboceptor, is not inhibited in its ad,ion by Calineffe’s serum. Tim 
same is true for Bothrops, Crotalus, and Tramrvmnta 
whereas the poisons of Bunyarm and Sajn hayv are similar to da* 
cobra venom so far as their b(;havior toward the serum is concerned 

It is quite possible, therefore, that tin* differences in flic various 
types of poison are only differences in the hapfophore a roup, %% lnS** 
the characteristic leeithinophile; group is identical in all emms. 

It was important to see whet her in animals other than sunken 
poisons are present which are capable of forming lceithi«R We 
therefore- next studied the poison of the* scorpion, choosing t hm 
because Calmette 3 had already shown that the acute fatal iniioii 
of scorpion poison could be inhibited by the snake*venom serum* 
a fact indicating a certain analogy between the toxic rotiifiiiiiriif * 
of scorpion poison and snake venom. 4 We were able to determine 
that the scorpion poison by itself exerts only n slight hremolyt if 
action on guinea-pig blood-cells, leaving other npentm of blood-wll* 
unaffected. On the addition of lecithin, however, it exerts cum 


1 In conformity with its weaker action Bothrofm fmmm yield* only n fr#i?t# 
the lecithid obtained from the other poisons, and the poiwin of 7'rimir* ** * 
anamalensu only one twenty-fifth. 

2 Lamb, Scientific Memoirs, Medical and Sanitary Dents., (Urn. of I mil/*, 
1903, No. 3. 

5 Calmette, Ann. de lTnstit. Pasteur, 1805, No. 4, 

4 For this scorpion poison we are much indebted to Prof. Tnaib. JHwvu$t «f 
the Botanical Garden in Buitenzorg, 
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sideruhle solvent action on all the different species of blood examined 
bv us. Its action is about, one; twentieth as strong as that of cobra 
venom. (See Table IV.) 

TABLK IV. 

Action of Scokmon i’oi*o.\ im it ,i.vo without tub Audition of Lecithin. 


Amount« of flirll 2% 

i pc- r/;;. Ox iiiooti. 

ol 



Hr<»rf mm 


^ " " .... 

rr 

t 02 pp 0 ,1 % 

Control without 



Lcpithin. 

I II 

complete 

0 

0 7ft 

< < 

0 

0 Jt 

«i 

0 

ii ;i5 

i 4 

0 

U •„’•*> 

4 t 

0 

0 15 

t * 

0 

II 1 

41 

0 

fl 1175 

<4 

0 

II Oft 

« 4 

0 

«l OUft 

ii 

0 

ii irift ; 

1 4 

0 

«l III5 

wlftioM rftfii|il«»|f** j 

0 

fl 111 


0 

ii 01175 

lit fir 

fl 

<i wir$ 

f ni«*i! 

0 

ii iifiiift 

fni «f if uni 

fl 

o mrjr$ 

Cl 

II Off!5 

! o 

0 


( 'om*s|»oridin« to this behavior we succeeded in actually pro¬ 
ducing a typical leeitlud from scorpion jaiison by following the usual 
procedure, 1 

All this leads us to the view thut the essential character of the 
1 i:ent»*lyfie cobra venom is due not to the haptophore group, but 
finally to the lecithin itnrlwml by the blood-cells by means of a 
Iccitiiinopiiilc nml>oeeptor. Now we know that, lecithin is present 
in every red blood-cell, and this seems apparently to contradict the 
fact determined bv tw experimentally that the lecithin is the cause 
of luetnolym, This contradiction, however, is merely apparent, 
for vte need only assume that bv the aid of the cobra venom 


* Jt in probable that the poison of a fish, Trarhwux dram (see Briot., Journ. 
«!e Hiysiol. ct da Pathol. *f n. 1WM, No. 2), in also capable of forming a leeithid; 
at least a statement of Briot Kjtenka in favor of this, namely, that the haanolytic 
agent in the Tmchimw pobon can I to activated by a scrum which has been 
heated to more than W° C. 
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the lecithin is brought into proximity with roll com !iiimiU fitlinr 
than those normally in its proximity. In other \w arc ilruliug 

with the deleterious action of n vitally irujKiftant Mjh»tH!t<r «liirti 
has been forced into the wrotuj plan, Thin ronrlu>?on b mm-h- plum 
if we bear in mind the fact that in t he hltxxhcclN prjitiiirily hwrt*|f» 
tible to cobra amboceptor, the luemolyf ie action dc| muh nut oj? the 
addition of new lecithin, but on a transf position of flir lecithin pre. 
formed in the cell, due to the anchoring of the cobra atnboccjiUir. 


# 



XXXVII. THE CONSTITUENTS OF DIPHTHERIA 

TOXIN . 1 

By Paul Ehhmch. 

Tub Festschrift, published at, the* opening of the Serum Institute 
in rojieitltitgeii, contains a study by Arrhenius and Madsen 2 which 
deals mainly wit h tlie neutralization phenomena of toxin and anti¬ 
toxin. We tisiiHf all rejoice that Madsen lias succeeded in interest¬ 
ing so excellent a physical chemist in this question, especially as I 
had tried iiiisiirresHftilly for years to secure the* interest of physical 
chemists in Oernmny. In the present state of seientifie knowledge 
we shall for tin* present have to give up our attempts to isolate the 
toxins in pure form. For the same reason also in the analysis of the 
rehitions betwee*n toxin and antitoxin we cannot conform to the 
ordinary methods of the ehemist working with the balance. On the 
other hand, the study of toxin and antitoxin is of too great practical 
inij*orfsince for us to wait icily for years or decades until chemistry 
in hi far tidvaneed. We must, therefore, content ourselves with the 
slight ffiesiiPt iif our disfioHal, applying these, however, in all direc¬ 
tions in order to gain ns great an insight into this complicated 
subject ns the jtriwiit state of our knowledge permits. I had ap~ 
pli ec| myself I*'i this problem for years and come to the conclusion 
flint tlie only way to approach it wm by an exact quantitative study 
of the noutmltantion phenomena. Particularly in partial nmtraliza- 
tmm I k4if*veil I had found a method by which we could gain an 
iiedghf into the most intricate constitution of the toxins. To my 
regret high iint Itortfies pronounced this method as incorrect and of 
no avail. 1 am all the more phased, therefore, to see that so high 


1 Itefirsnt from the Berk klut. W«M*fi«n»chr, 1903, Nos, 35-37. 

1 8, Arrhenius and Th, Madsen, Fhyitteal Chemistry applied to Toxins and 
Antitoxins, hWkrift ved iiidvicten ttf Statens Serum Institute, Kopenhagen, 
liKri. (Thw m to lie had in English text, Kopenhagen, 1902.) 


dQ.1 
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an authority as Arrhenius recognizes my method as correct in prin¬ 
ciple and proceeds along the same lines. 

The study of Arrhenius and Madsen deals principally with tetano- 
lysin, the hmmoly tic poison discovered by me in tetanus toxin. Tefcano- 
lysin and tetanospasrain differ from each other in their haptophore 
groups, as a result of which each possesses a particular antibody 
in the tetanus serum of the market. Madsen studied this tetano- 
lysin in my Institute, and found that when it is gradually neutralized 
with increasing amounts of antitoxin, the same definite amounts of 
antitoxin first added neutralize far more poison than subsequent 
additions. Because of this and also because of other reasons (atten¬ 
uation, phenomena during neutralization) Madsen concluded that 
several poisons of different affinities were present. 

On taking up these studies in tetanolysin Arrhenius and Madsett 
obtained practically the same results, and these authors succeeded 
in constructing a formula for the action of anti tetanolysin on tetano- 
lysin which conforms to the law of Guldberg-Waage. Based Oil 
this they next attempted to determine similar relations in the tsm 
of very simple blood poisons. This had already been done by Danysz* 
but the method was open to criticism. Arrhenius and Madsen ohos# 
a weak base and an acid (ammonia and boric acid) as hmmolystri 
and antihsemolysin. It was found that in these the neutralization 
phenomenon is very similar to that of tetanolysin and antilysin* 
from which they concluded that in the neutralization of toxins and 
antitoxins we are dealing with reactions between simple substances 
of weak affinities. 

In this connection they express themselves as follows: “The 
last-mentioned curve gives a fairly accurate picture of the neutraliza¬ 
tion of ammonia with boric acid. In the Investigation of ammonia 
as hemolysin a spectrum analogous to that of toxin or tetamolysta 
(Fig.3) could have been, constructed; the following conclusion could 
also perhaps have been drawn: One part of boric acid (antitoxin) 
added to ammonia neutralizes 50% of this base; if two parts 
added it neutralizes 66.7%; if three parts, 75%; and four parte* 
80%. From this it follows that since the respective amounts OT, 
16.7, 8.3, and 5% are each time neutralized by the same amount 
of boric acid, the amount first neutralized Is three times m tomie M 
the amount next neutralized, this again twice as toxic as the next 
after it, which in its turn is one and one-half times as toxic as tfe# 
following, etc. In other words, ammonia is not a simple substance* 
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I nit consists of several constituents of different toxicity (and these 
toxicities hear a simple reciprocal relation to each oilier). Of these 
constituents the toxin possessing the highest ehemieal affinity is 
neutralized first. 

A similar conclusion has actually heen drawn in the ease of toxin; 
the toxin first neutralized ft lie strongest) has been called prototoxin, 
the next deuterotoxhi, the next tntotoxin, cite. The final very 
weak toxins are railed toxoneH." 

The findings of Arrhenius and Madsen are thus seen to be direct, ly 
opposed to my statement that diphtheria poison is composed of 
M*\eral constituents. In view of the exceeding importance of the 
subject I cannot avoid entering the discussion and state the reasons 
which cause ine to maintain my views absolutely and without any 
itiodificfif mu, 1 

1 hi* new views of I he authors in question will doubtless lead many 
f«i wonder how I could err in so simple a matter and employ compli¬ 
cated theories when flit! simplest conceptions of chemistry would have 
sufficed. It iiiiief seem strange that I f who have followed this sub¬ 
ject for years and have* busied myself especially with ehemieal studies, 
should lime failed to discover this very ready explanation. As a 
matter of fact, however, I too Imgan with the conception, now held 
by Arrhenius find Minimi, that in the union of toxin and antitoxin 
we were dealing with u phenomenon of incomplete neutralization. A 
more thorough liimlynis of diphtheria poinan (my publications refer 
only to this |«oimn) eumjadled trie, however, to adopt more complex 
I \phtmtf iori*. 

At the very outset of my investigations I discovered that tetano- 

lyeifi and its* antitoxin jMiwesif weak affinities, ami I devised the tech- 

1 t knher, mfftm* exj*crhnenm imperially devised to refute my theory l wan 
id»!<♦ to *fww mere incorrect, hm ernployisl the opfmrtunity to sale with 
Airfiniei^ ii nd mml to announce that their observations “will give 

llii" entile of *ide~ chain thwtry its quiet tin.” No one who knows any¬ 
thing ftei Kiilijrrt- tmnh fie told that the question as to whether diph¬ 
theria b iiiiiile up of one or inon? substances has nothing to do with the 

theory, Whim I formulated this theory 1 too believed the diph- 
fle’iei j#a-«#n to !#* ii simple substance, and when Milutequetdly 1 felt compelled 
to liiffrirnteifc several e*u*i|smentH in the poison 1 always emphasized that 
tip* -ii.parafe rom}**fiCf#t«« differed only In their toxophore group and were 
similar *o far m the hnpfophore groti|*» were concerned the groups which give 
me to antitoxin formutiot* (mm my reply to Gruber in Munch, mod. Wochenschr 
imill, Ncia. *i*t ft nil #14 J# 
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nique of my experiments accordingly. At that time I stated in connec¬ 
tion with this tetanolysin that the union of toxin and antitoxin pro¬ 
ceeds more slowly in dilute solutions than in concentrated, and that 
the process is hastened by heat. How feeble the combining affinities 
of tetanus toxin and antitoxin are can be seen from the following 
experiment devised over eight years ago: If a given, not very con¬ 
centrated, mixture of serum and toxin is allowed to stand for two 
hours it will be found that the action of* the serum is forty times as 
great as when the mixture is employed immediately. Whether the 
optimum of neutralization is thus reached is difficult to say. The 
determination of the exact limits fails because of the fact that the 
poison rapidly decomposes in watery solutions, especially if these 
be dilute. One constantly faces either of two difficulties: insufficient 
union on the one hand and decomposition of the poison on the other. 1 

With diphtheria poison, on the other hand, the affinity of the 
toxin for the antitoxin is much greater. As is well known, these 
substances unite so rapidly that even the time for combination 
prescribed in the test—fifteen minutes—is still unnecessarily long. 
Hence, even if I admit that the union of tetanolysin and antilysin 
is comparable to the neutralization of a weak base by a weak acid, 

I shall in the following pages show that the affinity of diphtheria 
toxin and antitoxin is very great, comparable perhaps to that between 
a strong acid and base. In accordance with this also I am convinced 
that the neutralization of diphtheria toxin by antitoxin proceeds in 
the form of a straight line and not in that of a curve. This, then, 
constitutes my first objection to the general deductions drawn by 
Arrhenius and Madsen ‘from their particular findings. Just as it is 
impossible to apply the results of the neutralization of boric acid and 
ammonia to every combination of acid and base, so it is impossible 
to apply the experiences with tetanolysin to the doctrine of toxins 
in general. 2 


, t] f y f rs a « 0 > m s P ite of these unfavorable conditions, I proposed 
°! teteMlysm to Thorvald Madsen, this was but a makeshift neces- 
atated by the lack, at that time, of suitable hsemolysins. At present a number 
a T ailable ' such “ a rachnolysin and snake venom. These 
f ° r eMOt -ce the factor 

-1 should like to mention that recently Dr. Kyes has discovered that in 
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If, therefore, the affinity between diphtheria toxin and antitoxin 
is so great, we shall have to ascribe the irregular course of the neutraliza¬ 
tion process to other factors than rhose assumed by Arrhenius and 
Madsen. 

Diphtheria Toxins. 

In order to understand what follows it will be necessary to speak 
of some of the main principles of toxin-antitoxin analysis. As is 
well known diphtheria toxin is the bouillon fluid in which the diph¬ 
theria bacilli have grown, and to which they have given up their 
toxic secretory products. In order to determine the toxicity we 
make use of guinea-pigs. The lethal dose (L. D.) is that amount 
of poison which will surely kill a guinea-pig weighing 250 grammes 
on the fourth day. In order to determine the relations between toxin 
and antitoxin it is best to start from the serum because this can be 
preserved constant by means of the methods devised by me (vacuum, 
drying). This dry serum also serves as the standard for the officia 
titration. The immune unit (I. E. = Immunitats Einheit) is, of course, 
an arbitrary quantity which originated by terming that amount of 
antitoxin a unit which just neutralized 100 L. D. of a poison that 
happened to be available at the time, so that the mixture when injected 
did not produce even the slightest trace of illness (either general or 
local reaction). 

If one mixes one immune unit of serum with graduated amounts 
of poison, two limits may be obtained. One of these is termed 
limit zero (L 0 ), and corresponds to the quantity of poison which is 
completely neutralized by 1 I. E. The other is limit death (L t ) and 
corresponds to that quantity of poison which on the addition of 1 I. E* 
is so far neutralized that only just one L. D. remains. Of these two 
limits the Lf is very easily and accurately determined so that it 
serves as a measure in testing the potency of the diphtheria serum. 
This limit signifies nothing more than that of x L. D. present, 1 I. E. 
neutralized x—1 L. D., so that just 1 L. D. remains free and leads 
to the death of the guinea-pig in four days. 

A priori one might have expected that the number of lethal doses 
which are neutralized by 1 I. E. is always the same in poisons from 
different sources. The only difference which one would have ex¬ 
pected would be that in different poison solutions, the volume in 
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which a given number of L. D. were contained would vary from case 
to case, depending on the varying quantity of poison produced by 
the bacilli. 

Closer investigations, however, showed that in reality the con¬ 
ditions are entirely different, the number of L. D. contained in Lt 
varying enormously in different toxic bouillons. In poisons which 
have been analyzed the figures have fluctuated between 15 and 160. 
Since it had been shown, especially by myelf, that the neutralization 
of toxin-antitoxin rests on a chemical basis, this result could only 
be explained by assuming that the diphtheria bouillon, in addition 
to the toxins, contained other non-toxic substances which w T ere able 
to combine with antitoxin just like the diphtheria toxin. I deemed 
it to be of the highest importance to clear up this mystery experi¬ 
mentally, and therefore subjected a number of different poisons (some 
freshly derived, others precipitated with ammonium sulphate, and 
still others which had been kept for a long time) to comparative 
analyses. In the course of these it was found that the non-toxic 
substances, which still possess combining properties, increase as the 
toxic bouillon ages, and I therefore studied these changes in the 
poisons genetically at various stages. 

I emphasize this part of my method because the casual remark 
by Arrhenius and Madsen 1 that my results were derived mainly from 
a study of decomposed poisons might readily be misconstrued and 
give one the impression that in my investigations I had not been espe¬ 
cially careful. I may at once add, however, that my most valuable 
results were obtained by studying the course of this decomposition, 
but this, of course, corresponds entirely with the methods of chem¬ 
istry. It is impossible to gain an insight into the constitution of 
highly complex combinations by means of an analysis which leads 
only to the compact formula. This can only be gained by the 
careful decomposition of the substance to be studied. Whatever 
knowledge we possess regarding the constitution of sugars, uric acid 
derivatives, alkaloids, etc., is due mainly to the decompositions intel¬ 
ligently carried out, and a careful study of their products. Of course, 
the decomposition must not give rise to secondary reactions which 
could obscure the results; this might be the case if strong acids or a 
high temperature were employed. The decomposition must be 
quantitative and of moderate intensity. The following observa¬ 
tions will show that this is especially the case in the spontaneous 

— 
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attenuation of the toxins, which occurs at room temperature and 
without any further chemical manipulation. 1 

It has been found that the bouillon on standing can preserve its neutral¬ 
izing property intact , and often actually does so, while the toxicity is 
considerably decreased. Observations of this kind have been made 
by myself and Madsen for diphtheria poison, by Jacoby for ricin, 
by Myers for snake venom, and recently by Arrhenius and Madsen 
for tetanus poison. This phenomenon, which in many cases is quanti¬ 
tative, is most readily explained by assuming that the poison molecule 
contains two functionating groups. One, the “haptophore group,” 
combines with the antitoxin and in the animal body effects the com¬ 
bination with the tissues; this group is quite stable. The other, 
the “toxophore group,” effects the true poisonous action; it is com¬ 
paratively readily destroyed. In my opinion the transformation of 
toxin into toxoids by the destruction of the toxophore group is the 
key to a correct understanding of my conception of antitoxic im¬ 
munity and the subject of toxins. 2 

If we see, for example, that in spite of decreased toxicity the 
constants of neutralization Lf and Lo remain entirely unchanged, 
it follows, in my opinion, that two important deductions can be made. 
The first is one which I have always drawn, namely, that in normal 
toxoid formation not brought about by chemical additions, the num¬ 
ber of haptophore groups suffers no loss. This behavior, however, 
also seems to indicate that in toxoid formation the affinity of the hapto- 
phqre groups for the antitoxin is in no way changed. I may be per¬ 
mitted to elucidate this by means of a chemical example. Tetra- 
methylammoniumhydroxid is a very strong base (like KOH) which 
through suitable procedures (heating, etc.) is transformed into the 


1 Obviously these poisons can also be attenuated through chemic or thermic 
influences, but the decomposition in that case takes place rapidly and with 
destruction. In my investigations, therefore, I have never made use of these 
methods, but have kept to the moderate changes which occur spontaneously 
in the toxic bouillon on standing. 

2 At the outset of the modern study of immunity, voft Behring, Aronson, 
and others had observed that an active immunity could be brought about 
particularly through attenuated, modified poisons. At that time, however, 
it was very difficult to appreciate these relations, and so in the year 1894 we 
find a high authority, as a result of his investigations, denying the existence 
of modified poisons, although he had previously assumed their existence. The 
results, which had been obtained with immunization, he ascribed, not to the 
presence of modified poisons, but exclusively to a dilution of the poison. 
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far less basic trimethylamin, methyl alcohol being split off in the 
process. Let ns take a certain definite quantity of tetrametbylam¬ 
monium. hydroxid, say 20 molecules, and determine the quantity 
of boric acid which will just suffice for complete neutralization, as 
shown by a suitable indicator. On changing the ammonium base 
into the tertiary amin (a change which we shall assume to be com¬ 
plete) we shall find that a larger quantity of boric acid is necessary 
for neutralizing the tertiary amin. In other words, there has been 
a change in the position of the neutral point, although the number 
of basic radicals remains the same. This necessarily follows from the 
decrease in affinity brought about by the transformation. 

The reverse will take place if a weak base is transformed into a 
stronger one. A change in the position of the neutral point will occur 
even if the transformation is only a partial one, i.e., does not affect 
the entire number of molecules. If, however, in spite of an extensive 
formation of toxoid, we find the test limits unchanged, we can only 
conclude that any considerable change in affinity has not occurred. 
We shall subsequently learn of another fact, which affords conclusive 
evidence of the correctness of these views. 

Our next problem will be to study the influence of the toxoids 
on the neutralizing process. To begin, it should be remarked that 
the bacterial poisons with which we are dealing are not, as a rule 
pure poisons. By this, of course, I do not mean to deny that pure 
poisons can occur. If the toxophore group possesses considerable 
resistance so that it is not affected by the processes used in its pro¬ 
duction (keeping in the incubator for weeks, etc.), it will be possible 
to obtain poisons which contain only toxins and no toxoids. Such a 
mult, however, can probably only be counted on in a small number 
of isolated cases, and is not obtained as a rule. So far as diphtheria 
poison is concerned, of which I have made a special study I have 
never yet, among a large number of specimens examined found a 
single one free from toxoids. In estimating the degree of purity 
one proceeds by finding in various poisons how many fatal doses 
<L. D.) are neutralized by one immune unit (I. K). The maximum 
value m the poisons at my disposal was 130, but Madsen has described 
a poison in which the L, dose contained 160 X. D. But even this 

poison, as 1 shall show later i merely approached the character of a pure 
poison. 

114 " eSpeCiaIljr “portwt even Lave b ~ 
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Naturally the poisons whose toxophore groups are very labile 
will be the least pure. This is especially true in tetanus poison, 
which is far more readily destroyed than diphtheria poison. In the 
former, several hours' standing of an aqueous solution suffices to give 
rise to toxoid formation. It is all the more probable, therefore, 
that the toxin produced in the usual manner by keeping the culture 
in the incubator for eight days contains a considerable admixture of 
toxoids. In the precipitation with ammonium sulphate these tox¬ 
oids, of course, are present in the resulting solid product. 

A dry poison of this kind, such as I placed at Madsen's disposal 
for his experiments, can, of course, keep for a long time unchanged 
provided it is carefully preserved; the primary content of toxoid, 
however, also remains unchanged. 

For this reason I believe that the assumption of Arrhenius and 
Madsen, that the tetanus poison used by them was a pure poison, 
since it did not change, is entirely unwarranted. It is even possible 
that this particular specimen contained far more toxoids than the 
old toxin solutions which I had employed. 

In pure chemistry in carrying out exact mathematical determina¬ 
tions it is a general principle that the substance be either absolutely 
pure or at least that its degree of purity be exactly determined by 
analysis. In determining the molecular weight of an element, a great 
deal of preliminary work (recrystallization, etc.) is required in order 
to obtain the original material as pure as possible. If this cannot 
be done, as, for example, in the case of hydrogen peroxide, or ozone, 
a quantitative study requires at least that the exact percentage of 
pure substance contained in the mixture be known. It is hardly 
necessary to say that these principles should, as far as possible, be 
applied to the study of toxins. In these substances also one should 
know the degree of purity before attempting any exact investigations. 
Tut just in this domain, where it is impossible to isolate the substances, 
this task is uncommonly difficult. It required a year's most tiresome 
and monotonous labor before I was able, by means of very exact deter¬ 
minations of all kinds of poisons, to approach this problem. At that 

produced in a very short time (three to four days in the incubator) are not free from 
toxoids. In one such poison (No. 9 of the titration series) I found 123 L. D. 
in L t . I was therefore greatly pleased recently to hear from Dr. Louis Martin, 
who has had such wide experiences in this direction at the Pasteur Institute* 
that in his fresh poisons he never saw the figure 200 L. D. in L + reached. 
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time I gained the impression that a pure poison must oe so consti¬ 
tuted that one I. E. fully neutralizes exactly 200 L. D. 1 Later on I 
shall show that by means of the “spectrum ;; analysis I have suc¬ 
ceeded in verifying this figure. 2 

The discovery of this number, 200, led me to represent the con¬ 
stitution of diphtheria poison by means of a “ spectrum ” which is 
divided into 200 segments, each of which corresponds to a toxin, 
toxoid, or toxon equivalent. This scheme is not, as some have as¬ 
sumed, a mere makeshift, but is the expression of knowledge labori¬ 
ously attained. This graphic reproduction shows at a glance how 
much toxin or toxoid is neutralized by each combining unit of anti¬ 
toxin. Such a reproduction possesses so many advantages over the 
curve used by Arrhenius and Madsen that I shall not hesitate a moment 
in retaining the spectrum method for diphtheria poison. By its 
means one obtains a view of the entire process of neutralization. 3 

It may be well at this point, by means of a suitable chemical 
illustration, to elucidate the influence which such admixtures of 
toxoid exert in the titration of alkaloids. In doing this it will be 
best to proceed on the following assumptions. An alkaloid acts hsemo- 
lytieailv when in the form of free base, but not when in the form of 
a salt . 4 The base would then correspond to the toxin. The ana¬ 
logue of the toxoid would then be an alkaloid which exerts no dele¬ 
terious action either as such or in the form of a salt. The antitoxin 
would be represented by any acid, e.g., hydrochloric acid. Under 
these conditions the mixture of the two alkaloids can be titrated bio¬ 
logically (by determining the hemolytic power at any point) by 
means of an acid exactly as a toxin solution containing toxoid bv 
means of its antitoxin. J 

Let us assume that the toxic alkaloid A as well as the atoxic B 
possesses so strong an affinity for hydrochloric acid that neutraliza¬ 
tion is effected to within a very small fraction. A solution of a mole¬ 
cules A would then correspond to the pure toxin, while mixtures of 


* It is self-evident that each toxin-combining unit can be replaced by an 

* See also page 552. 
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A and or represent analogues of solutions containing 


also toxoids. In all of these mixtures the end point of neutralization 
will be practically constant. If, however, the affinities of A and B 
for hydrochloric acid are not exactly equal the neutralization will 
proceed in a straight line only if we are dealing with the pure alkaloid. 
In ail other cases it will follow the course of a curve whose character, 
of course, is dependent on the relative amounts of the two com¬ 
ponents. 

This problem of the simultaneous neutralization of two alkaloids 
has been studied in suitable cases by J. H. Jellet. ’ Let us take the 
neutralization of quinine and codein with hydrochloric acid, in w r hich 
the coefficient of equilibrium = 2.03. For the sake of simplicity 
1 have assumed this to be 2.0. In order, furthermore, to have the 
conditions as simple as possible, let us take as an example a mixture 
of 100 molecules quinine and 100 molecules codein. These will then 
be neutralized by 200 molecules hydrochloric acid. By means of 
the formula devised by Jellet one next determines, how much quinine 
is transformed into the salt by each successive addition of one-tenth 
the entire neutralizing dose (20 molecules HC1). It will he found 
that the first tenth neutralizes 13 and the last tenth 7 molecules 
of quinine, while the course of the neutralization of the quinine is 
itself entirely uniform. If another combination is taken, in which 
the second alkaloid possesses a weaker affinity, so that i£=10, it can 
easily be calculated that under these circumstances the first tenth 
hydrochloric acid neutralizes 17.8, the last tenth only 3 molecules 
of quinine. On representing these reactions graphically we shall 
obtain curves entirely similar to those representing the neutralization 
of a weak base with a weak acid, and it would probably not be difficult 
to find a combination of alkali and acid whose curve corresponds to 
the alkaloid curve mentioned. 

Hence, if such a mixture of alkaloids together with the appro¬ 
priate neutralizing agent (acid) were given one for a biological titra¬ 
tion, and if, furthermore (to make the analogy with toxin-antitoxin 
determination complete), the employment of any additional chemical 
aids was barred, the neutralization curve obtained under such stringent 
conditions could easily give the impression that one were dealing 
only with the neutralization of two substances possessing weak affini¬ 
ties. Nevertheless, even under these limitations, it is possible to 
-learn the true conditions if, as I have done, one does not confine one's 
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self fo a single mixture, but analyzes a great many diferent mixtures 
in which the relation of toxin-alkaloid and toxoid-alkaloid varies. 1 

It is all the more surprising that in the analysis of the constitu¬ 
tion of poisons Arrhenius and Madsen have not studied the question 
from this point of view because they do not at all neglect the exist¬ 
ence of toxoids. Apparently this is because of a slight misunder¬ 
standing, for these authors proceed exclusively on the assumption that 
in toxoids one is dealing with pro toxoids, i.e., with toxoids which 
possess a higher affinity for the antitoxin than does the toxin. In 
fact, one can easily observe that the formation of proto toxoids affects 
the end point of the titration but little. This I had predicted in my 
first study on the evaluation of diphtheria serum. Let us assume, 
for example, that a mixture of I equivalent hydrochloric acid (proto¬ 
toxoid) and 3 equivalents prussic acid (toxin) is neutralized by a 
strong base. In that case the hydrochloric acid will be neutralized 
first, after which the neutralization of the prussic acid will proceed 
very much the same as though only prussic acid were present. 

We must now see whether diphtheria poisons, such as I have 
investigated, contain other toxoids besides prototoxoids. The ma¬ 
terial at hand makes the decision of this point very simple. In four 
poisons containing a prototoxoid zone (of which two were published 
by myself and two by JVIadsen ) I have calculated the relation of proto¬ 
toxoid and toxoid to toxin. In doing this I have regarded exclusively 
the L t dose, and so eliminated the toxons which would otherwise still 
more increase the toxoid figure. 


1 In the very simple example of two alkaloids just mentioned two determina¬ 
tions of different mixtures would permit the calculation. In my opinion no 
definite conclusions as to the constants of the toxin can be drawn from the 
analysis of one particular toxin containing toxoid. Arrhenius and Madsen 
m^jKed two different tetanus poisons, one of which had undergone toxoid 
mod.fiM.twns through years ot preservation as a dry substance, while the other 
had suffered smular mochfieations through several days’ standing of the solu¬ 
tion The authors calculated from their experiments that in the one case the 
instant of dissociation had been increased 50%, in the other ten times In 
view of what has just been stated this calculation, ■which leaves out of account 
toe presence of toxoids, cannot be regarded as conclusive. The divergence of 
the constants could easily be due exclusively to the presence of IS i 
these, in view of the different methods bv which thl toxoids ' asd 

could be different in the two Ita y atoA^hT "T 

matfon of diphtheria toxins I am convinced that the ° XOld , f .° r ' 

tem&m do not suffer any change in their affinity . ^ gr0Ups whlch 
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Poison. 

For 100 Parts of Toxin there are j 

Prototoxoid, 

Parts. 

Toxoid, 

Parts. 

A Madsen 

160 

400 

C Madsen 

79 

59 

IV Ehrlich 

82 

200 

V Ehrlich (4th phase) 

77 

131 


This table shows that the four poisons contain considerable amounts 
of toxoids in addition to the prototoxoids. The affinity of these 
toxoids is more or less small, as can be seen from the curves plotted 
by Madsen and myself. From this it follows that in the interpreta¬ 
tion of the results obtained by neutralizing diphtheria poison due 
attention must be paid to the decisive influence exerted on the course 
of the partial neutralization by the toxoids notoriously present in such 
considerable amounts. It is incorrect, therefore, to refer the decreased 
binding of antitoxin, such as is seen in the tritotoxoid zone, to the 
boric acid-ammonia scheme. 

It will be well, by means of a concrete example, to study some¬ 
what more in detail the course of this toxoid formation. For this 
purpose 1 shall select a poison which I have already described in my 
publication on the constitution of diphtheria poison 1 as Poison No. 5. 
At that time I briefly gave the spectrum and the constants based on 
the investigations which I and my friend Donitz had carried out. In 
this poison the conditions were most interesting and yet extremely 
simple: The L 0 dose was 0.125 cc.; the L+ dose 0.25 cc., that is, just 
twice as much. The L. I), was 0.0025 cc., so that the L 0 dose contained 
exactly 50 L. D. and the Lf dose exactly 100 L. D. These facts 
caused us to make the thorough analysis. This poison, as is so often 
the case, suffered certain transformations, whereby it became weaker. 
These changes occurred in three phases characterized by the formation 
of different kinds of toxoids. The spectra of these phases are as fol¬ 
lows (Fig. 1). 

The phases in which the content of toxin shows itself are I, II, and 
IV; phase III, which deals with the toxons, will be considered in a 
separate chapter. 

As a result of all my experiences with similar poisons, as well as 


Deutsche med. Wochensch. 1898, No. 38. 
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from a direct determination, it follows that the first phase must have 
represented a pure hemitoxin which reached exactly to 100 (see illus¬ 
tration). Accordingly each I. E. ( = 1 combining unit) succes¬ 
sively added to the L dose takes away L. D. from the fatal doses 



Phase II 
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Phase IV 



contained inL 0 , and this all occurs within the first hundred 
antitoxin doses added. Amounts of antitoxin beyond this have no 
further influence on the toxin (death, necrosis), but affect only the 
toxon. 

A fact to which I attach particular significance is that the hemi- 
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toxin reaches just up to the 100 limit and shows no trace of any 
gradual decline. This follows from the determination of the Lf dose,, 
as can be seen from the following analysis. 

Given a poison in which, in the L 0 dose, the hemitoxin zone reaches, 
exactly to 100, how large will the Lf dose be? Lt, i.e., the amount 
of poison which on the addition of 200 combining -units still leaves. 

1 L. D. free, will be reached when 200 equivalents of hemitoxin are 
present. We shall therefore have to multiply the L 0 dose of the 
202 

poison by ~ in order to obtain the Lf dose. If we carry out this 

multiplication we obtain an Lt dose of 0.253, which agrees very well 
with the value actually found, 0.25 cc. 

Thus the important fact is demonstrated that in this case the 
neutralization of the diphtheria poison by antitoxin proceeded exactly 
the same as the neutralization of a strong acid by a strong base., 
Here then the course of the reaction is represented by a straight line 
and not by a curve. 

Further evidence for the view that in this poison the hemitoxin 
extended right up to the limit 100 is furnished by phase II. Here 
we see a simultaneous increase of the Lt dose and a decrease of the 
toxicity manifesting themselves by the fact that the L. D. increases 
from 0.0025 to 0.003 cc., so that the number of L. D. contained in the 
Lo dose has decreased from 50 to 42. 

This increase of the Lf dose amounted to about 0.26 cc. and from 
it, by means of the simple calculation already mentioned, it can be 
shown that toxoid formation took place in the end zone of the toxin, 
the “tri to toxoid zone,” as I term it. 

Let us assume that the end zone (which before as well as after the 

second phase extended to 100) contains a toxoid mixture of — toxicity 
instead of the hemitoxin. In order to reach the Lf dose in this 
case we must multiply the Lq dose by ~~~ and not by as was 
the case with hemitoxin. On carrying out this calculation, L 0 being 
0.125, we get = 0.2625=L t . 

In the determination made at that time I actually found the Lf 
dose to be 0.26, but noted “a little over.” That the tritotoxoid zone* 

possessed a toxicity of was shown by the subsequent analysis by 

means of partial neutralization, for near the end, a zone of 18-20 




1 
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tritotoxid of exactly toxicity was found. It should be emphasized 

that the fatal doses which disappeared in the deterioration-were found 
in the form of toxoids in the tritotoxoid zone. 

These investigations show that these changes are due exclusively to 
the fact that a part of the toxin has become transformed into toxoids; 
in fact into toxoids which are neutralized after the main portion of 
the toxin, and which, therefore, must possess less affinity. If we were 
to represent this phase by means of a curve according to the method 
of Arrhenius and Madsen, we should observe a marked flattening 
of the curve in the tritotoxoid zone. This, however, is not the expres¬ 
sion of the weak affinity of the diphtheria toxin, or of the neutraliza¬ 
tion dependent thereon. It is to be ascribed with absolute certainty 
solely to the presence of toxoids and their appearance in place of toxin 
molecules which have disappeared. 

I shall discuss phase III later, merely remarking at this time that 
in this phase, 80 out of 100 parts toxon have disappeared. The L 0 
dose of 0.125 cc. now contains only 120 combining units instead of 
the 200 units (toxin and toxon) originally present. Corresponding 
to this, therefore, the L 0 dose, which must contain 200 combining units, 
increases from 0.125 cc. to 0.21 cc. In this third phase the toxin 
zone has not suffered any essential change. The L t dose has accord¬ 
ingly remained constant at 0.26 cc. Because of the new L 0 dose made 
necessary by the loss of toxon, the spectrum representing this phase 
shows a much wider toxin zone than the previous one. The toxin- 
toxon boundary has been moved from 100 to 166. 

In phase IV, Lj remained 0.26 cc., but the toxicity decreased, 
the L. D. increasing gradually from 0.003 cc. to 0.004 cc. During the 
course of these changes 22 L. D. had disappeared from the Lo dose of 
phase III. 

The fate of these 22 L. D. is made plain by the spectrum which 
I constructed at that time. In this I found an extended prototoxoid 
zone which included the first 40 combining units of the spectrum 
sufficient, as can he seen, to explain the loss of toxin which had oc¬ 
curred. I desire to call particular attention to the fact that no loss 

of combining groups had occurred despite the slight increase of the 

■bt ctose. 1 


Aali OaSfta flTr ff ! ? d , 0ne t0 suppo8e tllat the fin* that the L 
dose of 0.25 ec.m the first phase had become increased to a little over 0.26 cc. 
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This behavior shows that on standing there is not, for example, 
a marked destruction of the poison, but merely a slight chemical 
change affecting only the toxophore and not the haptophore group. 
It would be improper, therefore, to speak of the poison “spoiling.” 

The observations on the origin in the various forms of toxoid are 
particularly important. 

In the first phase of toxin formation, there was a development 
of toxoids of weaker affinity for the antitoxin, while during the second 
stage, toxoids of greater affinity developed. Occupying a position 
between these two opposing poison modifications is the hemitoxin 
fraction, and this has remained intact. We are thus really forced to 
arrange these three poison constituents, according to their affinity, 
as prototoxoid, deuterotoxoid, and tritotoxoid. This brings me to 
the crux of my views concerning the constitution of diphtheria poison. 

In titrating and evaluating the diphtheria antitoxic serum I began 
with the simplest assumption, namely, that the poison was a simple 
uniform substance. In the formation of toxoids, therefore, I con¬ 
sidered three possibilities: 

1. That the affinity of the haptophore becomes increased; 

2. That it remains the same, and 

3. That it decreases. 

Which of these possibilities will apply in any given case will, of 
course, depend upon the stereochemical circumstances, especially 
upon how far one functionating group is removed from the other. 
If, in what we must conceive to be a very large molecule, these groups 
are quite far apart, it may be assumed a priori that the destruction of 
the toxophore group will probably not exert a marked influence on 
the haptophore group. In other words, syntoxoids will be formed. 
If the two groups are nearer together a change in the affinities, either 
positively or negatively, can readily occur. As a matter of fact, 
the possibility of an increase or decrease of affinity as a result of this 
transformation into inert modifications has also been observed in con¬ 
nection, with related subjects. Researches conducted by myself and 
Sachs have shown that in the formation cf complementoid the hap- 


was the expression of a certain loss of combining groups. This, however, is 
merely apparent; in the second phase a greater excess of the poison (containing, 
as it does, more toxoid) is required to produce death than is the case with 
the haemi toxin. Bearing this consideration in mind it is easy to convince 
one’s self that not a single one of the combining groups present has been lost 
and that the change which the poison has undergone was a quantitative one. 
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, „ ten-ease in affinity. Complementoids, it will 

tophore g r0U P suff h destruction of tbe zymo toxic group, 

r Eisenberg and Yo.E by then 

O, proagglutinoids have shown that .n the fomat.en of 

aeelutinoids an increase in affinity can take place. 

Hence in diphtheria poison the possibility bad to be considered 
that similar conditions obtain in toxoid transformation. In this case, 
however.it « remarkable that this toxoid formation d>d not always 
follow the same scheme, the poison, of course, always being thought 
of as a simple uniform substance. I was finally able to solve this 


problem in the following manner. . t , , , T m 

.Mv earlier investigations had given me the impression that 11. ffi. 
(immune unit) should neutralize 200 fatal doses of a pure toxin, one 
consisting only of toxin molecules and therefore free from toxoids. 
I am quite readv to admit that I did not at that time furnish any 
absolute proof for this view. My first effort was therefore directed 
to a study concerning the correctness of the figure 200. I began, by 
analyzing a large number of different toxins in the hope that sooner 
or later I would find an ideally pure toxin. I have already men¬ 
tioned that the highest purity thus far obtained, a toxin obtained 
by Madsen, corresponds to only four-fifths purity, L + containing 160 
L. D. Nevertheless hy means of the method of neutralization 1 was 
able to find poisons which fulfilled my requirements, at least in part. 
This was the case, for example, in my Poison No. 2 (see spectrum, 
Pig. 2). In this the Lq dose contained 84 L. D. The first third of the 



Fio. 2. 


spectrum was taken up by a zone of hemitoxin not quite pure, i.e.,each 
combining unit added I. E.^ decreased the toxicity hy about 
L. D. In the next zone, on the other hand, stretching from 72 to 125, 


each combining unit took away exactly 1 L. D. The spectrum is 
here reproduced. It shows the zones of hemitoxin, pure toxin, trito- 
toxoid, Mid toxon very clearly. 


tO I 
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Madsen, too, has described a poison ec C,” the constifcuf^dhKM 
which is very interesting because prototoxoid and pure toxin are 
distinctly marked off from one another. During the phase at which 
Madsen examined it the pure toxin zone occupied the zone 50 to 100 
of the spectrum. Before the formation of tritotoxoid this zone may, 
however, have extended to 150. 

From these observations we see that for certain portions of the 
spectrum (which lie in the middle and not at the commencement 

it has been possible to prove that I. E. combines with exactly 


1 L. D. This argues strongly in favor of the correctness of my 
assumed figure 200. In these zones of pure toxin only toxin molecules, 
are neutralized and no toxoids. 

Although it is rare to find zones of pure toxin in poisons which have 
been kept some time, it is extremely common, or even constant, to* 


find in these older poisons zones in whichI. E. neutralizes exactly 


$ L. D. Manifestly under these conditions equal parts of toxin and 
toxoid must always be neutralized; for this reason I have termed 
such a poison a hemitoxin. The following scheme represents such a 
changed poison: 


Toxin: Pure Toxin 

Toxoid: Hemitoxin 


It needs no further explanation to show that in this hemitoxin 
zone the affinity of toxin and toxoid to antitoxin has remained un¬ 
changed. 

The entire process of toxoid formation takes place in two phases, 
as can readily be seen from the initial zones of suitable spectra (see 
Fig. 3). The pure toxin first changes into hemitoxin; in the second 
phase, however, the hemitoxin changes into pure toxoid, especially 
in the first part of the spectrum. This is illustrated by the following 
scheme: 

1 In the curve of ammonia-boric acid and of tetanolysin the maximum 
combining power always occupies the very first portions of the curve. 


T11 IT 

Fig, 3. 
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: Pure Toxin 


: Hemitoxin (Hemi- 
toxoid). 

: Pure Toxin 


I must again emphasize that this sketch of the decomposition 
of the poison is not at all hypothetical, but merely the expression 
of the facts observed. The regular course in two phases points di¬ 
rectly to the fact that the individual toxins are not simple uniform 
substances but are composed of two modifications present in equal 
amounts in the toxin solution and behaving differently on decompo¬ 
sition. One, the more unstable of the two, the a-modification, decom¬ 
poses rapidly and so gives rise to the stage of hemitoxin. The subse¬ 
quent destruction of the more stable /9-modification leads to pure 
toxoid. It is, of course, somewhat remarkable that exactly equal 
parts of two toxin modifications should develop in diphtheria bouillon. 
This is readily understood, however, if we remember that E. Fischer 
has made it extremely probable that the active groups of ferments 
(groups exhibiting a great similarity with the toxophore group) pos¬ 
sess an asymmetrical constitution. If then in accordance with this 
we assume an asymmetrical constitution of the toxophore group, there 
will be nothing remarkable in the fact that the diphtheria bacilli 
produce both asymmetrical components simultaneously. Nor is it 
surprising that both are produced in equal amounts if we consider, 
for example, that optically inactive tartaric acid consists of equal 
parts of dextro and lsevo tartaric acid. If optically active combina¬ 
tions (of which a large number can be made artificially) are produced 
in the retort, the rule holds that exactly the same number of mole¬ 
cules of the two components are produced by the reaction. 

Ever since Pasteur showed that in the fermentation of tartaric 
y moulds the dextro tartaric acid is decomposed first, it has been 
tound possible to demonstrate a similar behavior in numerous other 
injances; thus by the aid of moulds, yeasts, and bacteria it was found 
Possible to isolate one of the optically active components from racemic 


Toxin / 


Toroid 


/ 



T 


Fig. 4. 
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combinations. Looked at in this way the formation of hemitoxin is 
explained in very simple fashion. 1 

It can readily be shown that in the first stage of toxoid formation 
which leads to hemitoxin no change in affinity takes place, and this 
holds true also for all the toxoid formation, for if an increase in 
affinity occurred there could be no hemitoxin zone; a proto toxoid 
zone would again be followed by a zone of pure toxin. Conversely 
if there were a decrease in affinity a zone of pure toxin would precede 
the toxoid portion. The following scheme will serve to make these 
conditions clear: 

These considerations 
at once show us that in 
the formation of toxoid 
no change in affinity can 
take place. As a matter 
of fact, however, the pro¬ 
totoxoid possesses a much 
stronger, and the trito- 
toxoid a much weaker, 
affinity than the toxin or 
hemitoxin occupying the 
central portion of the 
spectrum. This we saw in our analysis of the poison mentioned 
above. We must, therefore, conclude that this difference is not 
produced by the formation of toxoid, but exists in the toxic bouil¬ 
lon from the beginning, the initial portion of toxin, which subse¬ 
quently passes over into prototoxoid, already possessing a higher 
affinity for the antitoxin. The poison of diphtheria, for example, 
could be represented by the following rough diagram, in which the 
degree of affinity is expressed schematically by the length of the lines: 


Pure Toxin 


Increased 

Affinity 

Decreased 

Affinity 


Affinity 

Unchanged 


Fig 5. 


Erototoxin 


Deuterotoxin 
Fig. 6. 


mi 

Tritotoxin 


1 See E. Fischer, Zeitschr. f. physiol. Chemie, Vol. 26. 
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Certain other considerations have convinced me of the plurality 
of the toxins. Chief of these is the behavior of the poisons on long 
standing. As is well known, poisons freshly produced rapidly deterio¬ 
rate in toxicity until a point is reached beyond which the constants 
of titration, especially Lf, remain unchanged. Such “ripened' ; poisons 
are made use of in the official testing of diphtheria antitoxin, and we 
have therefore had abundant opportunity to convince ourselves that 
they remain constant. 

Prom the standpoint of physical chemistry this fact (that the 
toxicity after a time becomes constant) could perhaps be ascribed 
to an equilibrium between toxin and toxoid. Such an equilibrium, 
however, is found only in reversible reactions, i.e., in chemical proc¬ 
esses, which also proceed in the reverse direction. Toxoid formation, 
however, is not a reversible reaction; no one has yet discovered even 
a suggestion of a toxoid passing over into toxin. Another point which 
speaks against a condition of equilibrium is the fact that through 
artificial influences—heat, chemicals—any desired proportion of toxin 
and toxoid can be produced. Only one other explanation therefore 
remains, namely, that various toxins are present, of which some are 
more resistant, others less so. 


1 have thus presented in detail the reasons which led me to assume 
the existence of preformed, varieties of toxins. As a result of my ex¬ 
periments I must emphatically deny the assumption that the phe¬ 
nomena observed by me in diphtheria poison are only the expression 
of a weak affinity between diphtheria toxin and antitoxin. I have 
demonstrated that the observed deviations can only be due to the 
admixture of toxoids with different affinity, and have further made 
it probable that these different degrees of affinity exist preformed 
in the toxin and do not arise with the formation of toxoid It must 
however, be distinctly understood that the points of view here laid 
down are not applicable to the relations between toxins and antitoxins 
m general. They apply only to diphtheria toxin and its antitoxin. 

e important researches of Arrhenius and Madsen on tetanolysin 
&bow that neutralization proceeds in an entirely different fashion 

ThfJ,nL f f :° m!>0I1 ? tS POSSSSS a Weak for one another. 

® nri f f fckeS€ . aufch °r s clearly indicate the errors in the interpre- 

M ne n tl0ri Phen ° mena when delation is disregarded 

method ° r ed by the l0ng and fcedi °us experimental 

all this is SSSUre the reader ttat tlle experiments upon which 
all this is based, experiments carried oat by my fellow workers (espe- 
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cially Geh.-Rath Donitz and Dr. Morgenroth) and myself, have been 
most exact, and I venture to say that in medicine but few investiga¬ 
tions exist which have been carried out with such precision and on 
such abundant material. 


II. Toxons. 

Thus far we have dealt only with the true toxin portion of the 
diphtheria poison, and have entirely disregarded another constant 
secretory product of the diphtheria bacillus, namely, the toxons. On 
testing a diphtheria poison and determining the two limits, L 0 and Lf, 
we should expect that the difference, L-j--L =D, would correspond 
exactly to one lethal dose, provided the poison were a simple uniform 
substance. Thus if L , for example, contains a lethal doses these, 
according to our definition of Lo, will exactly be neutralized by 
1 I. E. Assuming that the two substances have a strong affinity for 
each other, the addition of one L. D. would suffice to transform this 
neutral Lo mixture into Lt, i.e., L-j-should contain (a-f 1) L. D. and the 
difference, D, should equal 1. As a matter of fact, however, it was 
found that with the exception of one poison examined by me, the 
difference between Lt and L 0 is much greater. In the poisons de¬ 
scribed in my first communications the difference D ranged from 
5 to 50 L. D. At first, when I still held to the Unitarian conception, 
I had interpreted these results as indicating the existence of a toxin 
derivative of very little toxicity and possessing less affinity than the 
toxin. For this reason I termed the derivative “epitoxoid.” In my 
second communication, however, I abandoned this assumption, and 
stated that we were evidently dealing with a primary secretory prod¬ 
uct of the diphtheria bacilli—the “toxon.” The reasons which led 
me to this view will be presented in a moment. The toxon possesses 
the same haptophore group as the toxin, but a weaker affinity for the 
antitoxin. The main difference is in the toxophore group, for even 
when given in large doses the toxon does not produce death, but only 
paralyses which develop after a long incubation of fourteen days or 
more. 1 

Arrhenius and Madsen have doubted particularly the existence of 


1 It may be remarked in passing that such additional or “by-poisons” with 
a long period of incubation are not limited to diphtheria bacilli. According 
to the observations of Sclavo on animals infected with anthrax it is highly 
probable that anthrax bacilli also produce poisons having a toxin-like action. 
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the toxons. According to them the long-drawn-out toxon zones are 
the expression of the incomplete combination of toxin and antitoxin, 
the neutralization of which they believe follows the ammonia-boric 
acid type. There are, however, a number of weighty reasons why 
this view cannot be accepted. 

It was but natural at first to ascribe the toxon stage to phenomena 
such as Arrhenius and Madsen now have in view. It had already 
been noticed by others that often a considerable interval exists be¬ 
tween Lt and Lo. Knorr, in referring to this, had spoken of “un¬ 
neutralized poison residue." The assumption, however, that we are 
here dealing with the result of an incomplete neutralization is con¬ 
troverted by the analysis of a poison which I encountered during the 
course of my investigations. This was Poison No. 10 (of my series), 
whose Lo and Lf values were very close together. L 0 contained 27.5 
and Lt 29.2 L. D. Hence D = 1.7 L.D., which is a close approach to 
the figure demanded by a simple diphtheria poison. 

The following considerations will show that this value, 1.7. should be cor¬ 
rected so as to be still lower. The original calculations were based on my earlier 
assumption that toxins and toxoids are uniformly mixed. This however, has 
been superseded by the spectrum method of representing the neutralization of 
poisons. Experience has taught us that such deteriorated poisons usually 
consist of a small zone of hemitoxin and a more or less pronounced zone of 
tritotoxin-toxoid, in which as a rule nine toxoid equivalents fall on one toxin 
equivalent. Several times 1 have observed trito toxin-toxoid zones containing 
*/ toxin, and Madsen also has described such a poison. As can be seen from 
our calculations given above, the theoretical change from L„ to Lt is influenced 
solely by the tntotoxoid zone. If we therefore assume that our poison pos¬ 
sessed a trito to toxin-toxoid portion whose strength was Vio ( an d this is extremely 
probable) we shall find that by a little calculation that the poison probably 
contained no toxon whatever. Very likely the tntotoxoid zone reached to 
the end (200) of the spectrum. On the assumption of a */,o trito toxin-toxoid, 
if we multiply L 0 by 21 we shall obtain Lt = 28.9 L. D. This agrees very 
well with the figures obtained experimentally, Lf = 29.2 L. D. 

We may therefore very well assume that we were dealing with a 
poison, free from toxon or one which contained only very small traces 
of toxon. 

This fact is hard to reconcile with the theory of Arrhenius and 
Madsen, for if toxin and antitoxin neutralized each other like 
ammonia and boric acid, all poisons should show a long zone of in • 
complete neutralization. 

The independent existence of the toxons is further corroborated 
by the fact that the toxon zone varies enormously in different speci- 
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mens of poison. In one it may amount to about one-fifth of the toxin 
portion, in another I have seen equal parts of toxon and toxin. Dreyer 
and Madsen in fact have recently described a poison which contained 
three times as much toxon as toxin. According to our present ex¬ 
periences, therefore, the amount of toxon calculated on the toxin can 
vary from 0 per cent to 300 per cent. Hence I find it impossible to 
assume that we are dealing with neutralization phenomena such as 
are observed with ammonia and boric acid, for such neutralizations 
would show at least some agreement. 

This still left undecided whether the toxon is a primary bacillary 
secretion or a secondary modification of the toxin. A study of the 
development of one poison finally gave me the clue to this. This was 
poison V, whose constitution has been described in the Deutsche 
med. Wochenschrift 1898. It will be recalled that this poison pos¬ 
sessed the following limits in the second phase : 

L 0 =0.125; L t = 0.26; L. D.=0.003. 

During the course of three weeks Geheimrath Donitz made con¬ 
tinuous determinations of Lo and IA, using very uniform animal 
material. The protocol of this experiment is reproduced in full 
because the precision of the methods will thereby also be exhibited 
(see table on page 506). 

From the table we see that in the course of three weeks L 0 has 
increased from 0.15 to 0.20. After this an insignificant increase 
brought this to 0.21; from then on Lo remained constant. During 
this time the L* dose (0.26) had suffered no change whatever, for on 
the 16th of July a mixture of 0.25 poison 4*1 I. E. killed in six days 
and 0.27541 I. E. in three days. Lf, which according to our defi¬ 
nition is the mixture that will just kill on the fifth day, must have 
been about midway between these two values, a little over 0.26. 
This agrees very well with the value obtained in the beginning. To 
repeat, during the course of this stage Lf has remained constant, 
but L 0 has increased considerably (from 0.125 to 0.21). 

This fact is easily explained. The toxin portion has remained 
absolutely unchanged in its end zone, as can at once be seen from 
the constancy of the L-f- dose. On the other hand in the toxon por¬ 
tion, which is expressed by the difference between L t and L 0 , 80 
toxon equivalents out of 100 have apparently disappeared. This 
eliminates the possibility of a transformation of toxin into toxon, 
for if that assumption were correct one would expect that on allow- 
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ins the bouillon, to stand, the toxin zone would decrease and the 
toxon zone become considerably greater. In this case, however, we 
see that the toxin zone remains constant while the toxon zone is 

reduced to one-fifth. 1 

Determination of L 0 Dose. 



Guinea-pigs are Injected with 1 X. E.-t-Varying Amounts of Poison. 

Amount 
of Poison 

cc. 


June. 



July 



21 

25 

29 

1 

4 

6 

10 

0.125 

_ 

0 

— 

— 

— 

— 

— 

0.1275 

faint trace 

almost 0 

— 

" 




0.13 

0.14 

i 

— 

slight but 
distinct 

— 

— 

— 

— 

0.15 


— 

— 

just 

neutral 

— 



0.16 

— 

— 

— 

slight but 
distinct 

— 

— 

— 

0.17 

— 

— 

— 

__ 

little 

slight 

— 

0.18 

0.19 

— 

— 

— 

— 

more 

sligh t 
oedema 

— 

0.2 

— 

— 

— 

— 

— 

more 

oedema 

almost 

neutral 

0.215 

— 

— 

— 

— 

— 

more 

oedema 

some 

oedema 

0.23 


i 





marked 

oedema 


u Faint trace,” “slight,” etc., denote the degree of infiltration. 


It is difficult to say a priori what has become of the toxon "which 
has disappeared. On account of certain facts which I shall mention 
later, 1 have assumed that we are here dealing with the formation 
of an analogue of toxoid, namely, a substance which I term “ toxo- 
noid.” I conceive this to he a toxon in which the toxophore group 
has become modified. 


1 The entire course of the decomposition, in which from day to day we could 
observe the toxon becoming weaker and weaker speaks against the possibility 
(in itself very remote) that the varying composition of the bouillon is respon¬ 
sible for the variation in the number of toxons in the individual poisons. In 
the poison here described the decomposition has taken place in the same bouillon 
and In so short a time that very great alterations in the bouillon appear to be 
excluded. 
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Another fundamental difference, one which in my opinion argues 
in favor of the individuality of toxin and toxon, consists in the differ¬ 
ent action of the two constituents. The action of diphtheria toxin, 
as is well known, is such that the animals die with symptoms of 
hydrothorax, ascites, congestion of thesuprarenals, necrosis of the skin. 
Somewhat smaller doses kill guinea-pigs in from six to seven days, 
the animals showing ulceration and extensive necrosis. Still smaller 
doses, i, £, i L. D., no longer produce death, but regularly cause 
necroses which are surrounded by an extensive area of total loss of 
hair. Small fractions of the fatal dose always produce emaciation 
of the animals. In contrast to this, the toxon, i.e. a serum-poison 
mixture in which only the toxin fraction is completely neutralized, 
never kills animals acutely, even in high doses. The inflammatory 
properties may be entirely absent in small doses, while in large doses 
they are present to only a slight degree. The oedema disappears 
completely in the course of a few days, there are no necroses, and 
the loss of hair, if it occurs at all, is only partial. On the other hand 
the paralyses are very characteristic, and these appear at any time 
between the fourteenth and twentieth day, depending upon the dose, 
usually in the third week. Frequently the animals do not show even 
a trace of local reaction and maintain their weight; then suddenly they 
are attacked with the paralyses and may die from these within a few 
days. I have never seen such a result in animals inoculated with a 
pure diphtheria poison. Now and then a guinea-pig was observed 
which showed these paralytic phenomena. It was usually one that 
had received a considerable fraction of the L. D. Invariably it 
showed extensive necroses, was generally very sick from the beginning, 
and had suffered considerable loss of weight. In view of the slight 
amount of toxon which I found in these poisons, such animals were 
evidently supersensitive to the toxon. 

Dreyer and Madsen have succeeded in differentiating toxin and 
toxon qualitatively, as follows: They found that mixtures of a diph¬ 
theria poison and antitoxin in which the limit of complete toxin 
neutralization was. nearly approached, exerted only toxon effects 
when given in small doses. If, however, the mixture was increased 
tenfold, death was brought about by the toxin. This is readily 
explained. The determination of toxon by means of 1 I. E. natu¬ 
rally cannot be absolutely exact, for a small residue of toxin, e.g. 
V 10 L. D., can readily escape observation. If, however, a sufficiently 
large multiple of this mixture, e.g. ten times the original quantity, is 
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injected this will now contain 10 /10 L. D. unneutralized. If now the 
amount of antitoxin was also somewhat increased, Dreyer and Mad- 
<?e n found that even with this multiple amount only toxon effects 
were observed, the toxin now being completely neutralized and only 
toxon remaining free. 

Dreyer and Madsen 1 thereupon subjected this same poison to a 
thorough study, using rabbits for the purpose. They found if 0.6 cc. 
poison was mixed with 1 I. E., that this mixture, which represents 
the Lo dose for guinea-pigs, is still highly toxic for rabbits. In order 
to render this dose of poison completely innocuous for rabbits it is 

240 

necessary to add more antitoxin, in this case 2 qq The state¬ 

ments concerning the behavior of mixtures between these two limits 
are also of considerable importance. A mixture of 0.6 cc. poison+ 

— I. E. injected into a rabbit causes death on the twenty-second 
200 

day with paralytic symptoms. The incubation period is sixteen 

232 

days. Even a mixture of L E. with the same amount of poison 

caused paralyses, which appeared on the sixteenth day and con¬ 
tinued for several weeks. This behavior is so important for our view 
concerning the existence of different poisons that I must enter a 
little more fully into the subject. According to our definition of the 

232 

Lo dose, mixtures like the one containing I. E., and therefore 

possessing a considerable excess of antitoxin, are absolutely innocuous 
for guinea-pigs and can be injected in any quantity. In virtue of 
the excess of antitoxin such mixtures suffice to passively immunize 
the animal and to protect it, provided suitable doses have been in¬ 
jected, against diphtheria poison and diphtheria bacilli. If then 
such mixtures are still toxic for rabbits only one possibility remains, 
namely, that the diphtheria poison in question contains a substance 
which is non-toxic for guinea-pigs but toxic for rabbits. This sub¬ 
stance I term toxonoid. 2 

1 Bee also my article in Munch, med. Wochensch. 1903, Nos. 33, 34. 

* At die outset of my investigations I made entirely similar observations. 
My very extensive but unpublished studies made at that time convinced me 
tbat this property is not common to all diphtheria poisons, for I also found 
some in which the L 0 dose was exactly the same in rabbits and in guinea-pigs. 
This fact furthermore refutes the assumption that the phenomenon described 
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So far as the behavior of partially neutralized mixtures is con¬ 
cerned, the observations of these authors show that mixtures which 
exert only toxon effects on guinea-pigs produce death in rabbits 
with symptoms of diphtheria poisoning. I believe that all these 
phenomena are best explained by the assumption that there are at 
least three different varieties of poisons, and that these possess differ¬ 
ent affinities and different actions. These poisons are: 

1. Toxin, possessing the highest affinity, kills rabbits and guinea- 
pigs acutely, but is more toxic for the former. 

2. Toxon, killing rabbits acutely and guinea-pigs with symptoms 
of paralysis. 

3. Toxonoid, producing paralyses in rabbits, non-toxic for guinea- 
pigs. 

The fact that all three poisons act more strongly on rabbits than 
on guinea-pigs is explained by the absolute higher susceptibility of 
the former. 

Dreyer and Madsen have recently described a diphtheria poison 
in which toxoid effects could be demonstrated even on the injection 
of sublethal doses of the pure poison. This behavior is at once under¬ 
stood if we study the constants of this poison as they were determined 
by these authors, for whereas in the other poisons examined there 
were 33 toxon equivalents to 167 toxin equivalents (toxon: toxin = 
1:5), in this poison the proportion was just the reverse, there being 
three times as much toxon as toxin. No wonder therefore that with 
the toxon fifteen times more concentrated even sublethal doses of 
the pure poison should suffice to make toxon effects evident. 

In view of the high theoretical significance which attaches to the 
poison described by Dreyer and Madsen, I cannot refrain from giving 
briefly my conception of its constitution. The authors have repre¬ 
sented the poison in the form of a curve, one which at first sight seemed 
rather strange to me. As soon, however, as I transformed their 
graphic representation into a spectrum by the aid of their figures, 
the constitution of the poison was found to agree very well with 
other well-known diphtheria poisons. The only difference is the very 


is due to an incomplete neutralization, such as Arrhenius and Madsen, for exam¬ 
ple, have demonstrated in the case of boric acid and ammonia, and in the union 
of tetanolysin with its antitoxin. If that were the case one would expect to 
see the phenomenon in all diphtheria poisons in equal degree, and this is not 
the case. 
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large content of toxon. The spectrum, which corresponds to the 
curve obtained by the authors, is here reproduced (Fig. 3, Phase II). 

From this we see that a zone of hemitoxin in the beginning of the 
spectrum is followed by a zone of almost pure toxin, and this in turn 
by a zone of tritotoxin-toxoid. Then comes the very long toxin 
fraction. 

To one employing this mode of representation, such a spectrum 
not only pictures the present constitution of . the poison but also 
frequently permits him to reconstruct its previous constitution. 
In this case, for example, it was possible to do so with the aid of 
several statements by the authors concerning earlier and later stages. 
According to these figures I would assume that in the first phase 
the poison contained a pure toxin in the initial zone. In the second 
phase, the period at which the poison was studied by Dreyer and 
Madsen, this had become transformed into hemitoxin. In the third 
phase it may become pure prototoxoid. A fourth phase would then 
show the transformation of the pure toxin in the above spectra into 
hemitoxin and the poison would then have reached the point which 
we have so frequently observed in other poisons. The spectra of 
these various phases is as follows (Fig. 7): 

I shall now present the figures which Madsen and Dreyer ob¬ 
tained when they started with double the Lo dose (0.1 cc. poison). 
In the first phase, their statement that the lethal dose was 0.0015 cc. 
shows that 0.1 cc. poison contains 66 L. D. Calculation from the 
spectrum gives 65 L. D. 

The second phase, of course, agrees entirely with the statements 
of the authors, since the spectrum was constructed according to these. 

In the third phase the formation of the prototoxoid zone from 
the previous zone of hemitoxin is readily seen from a second neu¬ 
tralization test, one made with normal horse antitoxin. 

In phase IV the lethal dose had risen to 0.0027, corresponding 
to 37 L. D. in 0.1 cc. Calculating this from my spectrum I obtain 
35 L. D., which is but 2 L. D. smaller than would correspond to 
the final stage. Perhaps this stage had been nearly but not yet 
completely attained. It is probable that if the examination had 
been made a little later the figure would have been exactly 35. 

The figures obtained from my reconstructed spectra harmonize 
so well with those obtained experimentally by the authors that it 
seems almost impossible to doubt the correctness of my assumptions 
concerning the constitution of the poison and the process of its trans- 
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formation. This proves that in this poison the toxin zone behaved 
exactly the same in its transformation as it did in the other diph¬ 
theria poisons examined. 

I believe it will be seen from my explanations that my mode of 
procedure in the study of diphtheria poison has been exceedingly 
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Fig. 7. 


careful, and that the objections raised against my results do not apply. 
I must therefore continue to maintain my original standpoint, and 
deem it well therefore to once more define my views concerning the 
poison of diphtheria. 
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1 Tho c!I|ihtliprisi bacillus produces several kinds of poisons, 

ovf'^ulK fo\in> and toxon?. 

2 , I hi* affinity of diphtheria toxin to the antitoxin is very great. 

2 Tl:iM]c*\ ialions from a straight line as they manifest themselves 

Pi lP r £Td‘'ihW representation of the neutralization of the poison 
, A y, h ,< y.> i \plained by the assumption of a single poison possessing 
j v t ak affinity. They are rather the expression of the fact that the 
^ 4 ; ffimillon contains admixtures of various kinds of substances 

* i a character. 

4 The varied affinity of the toxoids cannot be explained by the 
assumption that a simple toxin when transformed into toxoid suffers 
a change in affinity either positively or negatively. Rather does 
this indicate that the toxic bouillon contains, preformed, various 

toxins of different affinities. 

5. There is no change in the haptophore group in the formation 
of toxoid. 

6. The absolute number of combining units contained in the 
immune unit or in the Lq dose of poison is 200. 1 

I have finished. If the results of the first encounter of two such 
different methods of study as the mathematico-physical and the bio- 
L al have not shown complete agreement we should not be at all 
hurprised. The natural aim of physical chemistry must always be 

' Jiordet has recently attempted to explain the toxon phenomena by the 
assumption that the toxin molecule can combine with antitoxin in varying 
pr«»l>ortion8. One would accordingly have to assume that the toxin molecule 
contains several haptophore groups. The complete occupation of these groups 
th© toxicity to be entirely lost, whereas partial saturation causes a de¬ 
crease in toxicity. That is to say, amounts of antitoxin which do not com¬ 
pletely neutralize the toxin would weaken it in such fashion that it would exert 
a different action. It is strange that so eminent an investigator as Bordet 
dvitiW not have attempted to convince himself of the correctness of this hy- 
jmthaas by means of the experiment. He would then have found that the 
farts are irreconcilable with such an assumption. We have shown at great 
l '©gt h that the toxon actions are nothing less than constant phenomena and 
have called attention to the great extent of the quantitative variations (0-300). 
If one were to follow Bordet It would then be necessary to assume an enormous 
multiplicity of haptophore groups in the toxin molecules, and this would lead 
to a hypothesis far more complicated than mine, although the latter harmo- 
niw all the experimental results. In support of his conception Bordet refers 
to experiments with complement and anticomplement. I must say, however, 
that m these we are dealing with such complicated relations that it is not per¬ 
missible to apply th© conclusions drawn from them to the far simpler relations 
exiting between toxin and antitoxin. 
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to introduce as few factors as possible for purjwses of ralculat ion . 
whereas biological analysis always seeks to pay due regard to the 

wonderful multiplicity of organic matter. Howe\er, I believe that 
these two methods can readily be combined and that this will be 
very desirable. The biologist will have to content himself in so far 
yielding to the economy of the mathematical \ lew that he restricts 
his assumptions to the smallest possible mini her. The physical 
chemist, on the other hand, cannot escape the obligation of paying 
due heed to this minimal multiplicity, the result of experimental 
research. Naturally the problem is thus made extremely difficult, 
that success will require that the greatest authorities in physical 
chemistry work hand in hand with the best biological talent. For 
this reason I regard it as a great gain to science that so eminent a 
leader as Svante Arrhenius is taking a lively interest in our work, 
and has joined hands with my friend and pupil, Thorvald Madsen. 


XXXVIII. TOXIN AND ANTITOXIN : 1 

A REPLY TO THE LATEST ATTACK OF GRUBER. 

By Paul Ehrlich. 

In a domain that Is open to experimental investigation it is 
neither easy’ nor without danger for one to express criticism merely 
m a result of literary studies. 

This is especially true in that most difficult field in the entire 
study of immunity, namely, the subject of toxins. Only one who 
has devoted years of unprejudiced study at the laboratory table 
to this subject and gathered a host of observations and experiences 
will l>e in a position to orientate himself in the confused mass of 
tn 4 e and false statements contained in the literature. The outsider 
will find it very difficult to correctly analyze all this material. 
Hence it is all the more remarkable that Gruber 2 should choose 
the subject of toxins for the main portion of his attack upon me, 
for according to his own admissions that is the field which he knows 
merely from literary studies. Against such critics I am in the unpleas¬ 
ant position of a man who is compelled to discuss colors with the 

Mind. Nevertheless I cannot well escape the thankless task of 

replying, at least to the main points in Gruber’s polemic, for it is 

Indisputable that this attack, addressed chiefly to those without 

special training in this field, is capable of causing wide-spread con¬ 
fusion, owing to its positive tone and its severity. 

Gruber's first Important error lies in the assumption that a con¬ 
troversion of the plurality of poisons, to which I hold, signifies the 
downfall of the side-chain theory without further ado. The side- 
chain theory, however, proceeds from the assumption that the toxin- 


1 Reprinted from the Munch, meet. Wochenseh. 1903, Kos. 33 and 34. 

• HL Gruber and CL v. Pirquet, Toxin. and Antitoxin, Munch, med. Woehensch. 

im» Mm 28 and 29, 
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like poisons are characterized by a haptophore and a toxophore 
group, of which only the former effects the anchoring of the toxin. 
Practically therefore only this group is important for the produc¬ 
tion of antitoxins. This view is only the logical consequence of 
the fact that on long standing the poison bouillon undergoes modi¬ 
fications, resulting in the production of what I term toxoids. These 
substances are characterized by this, that the haptophore group 
has remained intact, while the toxophore group, depending on cir¬ 
cumstances, has suffered partial or complete modification. Not 
infrequently it can be shown that the formation of toxoid is quan¬ 
titative, the combining power of the toxic bouillon being unchanged 
despite a considerable loss of toxicity. 

Gruber, by means of certain calculations, appears to question 
this fact; he refers exclusively to my very earliest publications in 
which, naturally, the evidence was still incomplete. It would have 
been better if Gruber had studied instead my later publications, 
for then he could easily have convinced himself that my statement 
is entirely correct. I shall mention but one of my poisons 1 as an 
example. In this the L dose was originally 0.25 cc., the lethal dose 
0.0025 cc. At the end of the investigation L-j- had Increased to 
0.26 cc., the lethal dose, however, to 0.004 cc. The number of lethal 
doses, therefore, in approximately the same amount of Lj- had been 
reduced from 100 to 65. Madsen 2 describes a poison in which the 
neutralizing power remained constant during the course of two 
years, while the toxicity was reduced one-half, from 0.02 to 0.04. 
Furthermore Arrhenius and Madsen, in their most recent work 3 
describe the toxoid modification of a tetanus toxin. These consist 
in the fact that the combining power remains intact while the toxicity 
is decreased to one-sixth. It is seen therefore that the doubt thrown 
upon my quantitative statements is due entirely to a disregard of 
readily accessible facts. This quantitative transformation consti¬ 
tutes a somewhat annoying fact for Gruber, and he therefore seeks 
to explain it as follows: 

£i Imagine, if you will, that g / i0 of the toxin molecules present 
are changed into toxoids, the minimal lethal dose will then be increased 

1 Described in Deutsche med. Wochensch. 1898, No. 

3 Annales de l’Institut Pasteur., T. 13, 1899. 

8 S. Arrhenius and Th. Madsen, Physical Chemistry applied to Toxins and 

Antitoxins, Fesfcskrift ved. indvielsen af Statens Serum Institut, Kopenhagen, 
1962; German in Zeitach. fur physiol. Chexn. 1963. 
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y. L fi ^ berm? the L 0 value will remain unchanged; this is Ehr- 
E-:, ~ I,-- If 1 * id the toxin molecules had lost their toxicity, 

\uUiani t terc being any formation of toxoids capable of combining 
eHi antitoxin, the value would be increased ten times. If, how- 
cvt. smiduneoudy with the Joss of Vio the toxicity, the fluid 
vaie to io-e 10 the reaction rapidity for antitoxin, so that the 
of the miction would be decreased 9 /iq> it would be found 
♦hot the Lo value would manifest itself unchanged.” 

Gn! K'-r would have done better to have made some of these com¬ 
paratively simple experiments himself than to advance such an 
untenable assumption. We are here dealing with experiments 
which constitute, in fact, the very beginning of the technique of 
testing poisons. Thus, when in 1897 1 I formulated the law that 
the combination of poison and antibody takes place more rapidly 
in concentrated solutions than in weak solutions, it was as the result 
of just such studies made on diphtheria and tetanus toxin. In these 
studies I convinced myself that the affinity between, diphtheria anti¬ 
toxin and diphtheria toxin is far greater than that between tetanus 
antitoxin and tetanus toxin. The union of diphtheria toxin and 
its antitoxin Is effected very quickly, so that at the end of five to 
ten minutes one may be sure that complete union has taken place. 
It is entirely immaterial whether one is dealing with fresh poisons 
or with poisons poor or rich in toxoids. I shall here reproduce an 
experiment which I have recently made because Danysz 2 insisted 
that the neutralizing power of the diphtheria poison changes when 
the poison is allowed to stand for some time. 

The experiment was performed with the standard serum and 
standard toxin used in the official standardization. Both substances 
had therefore teen very accurately titrated. The mixture was 
allowed to stand fifteen minute and twenty-four hours and the 
result showed that in this time not the least change had taken place 
in the constant. In the experiments of Danysz, therefore, some 
error hm probably crept in. In any event there is no change in 
t he reaction time on the decrease of toxicity of the diphtheria toxin. 

Guinea-pig I receives 1 I. E. serum -bO.78 cc. poison (L t ) fifteen 
mhmtm after mixing. It dies on the fourth day. 

Guinea-pig II receives the same mixture twenty-four hours after 
mixing. It dies on the fourth day. 

1 Die Werthbemessimg dm Diphtheridimtenims, Jena, 1897. 

s Annates cte ITnstitut Pasteur 1902 . 
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Guinea-pig III receives 0.8 cc. poison, otherwise same as 1. It 

dies in three and one-half days. 

Guinea-pig IV receives 0.8 cc. poison, otherwise same as II. It 

dies in three and one-half days. 

Another tiling which is entirely irreconcilable with Gruber’s 
assumption is the fact that there exist proto toxoids, i.e., toxoids 
which possess a higher affinity for the antitoxin than the toxin Itself 
does. The existence of these was first pointed out by me and has 
since been confirmed by Madsen and also by Arrhenius. The exist¬ 
ence of the prototoxoids becomes clearly manifest by the fact that 
one can add a certain quantity of antitoxin to the toxin solution 
without affecting the toxicity in the slightest degree. 

Mention must also be made of the fact that similar phenomena 
have been observed in a large number of other poisons. It will 
suffice here if I remind the reader that toxoid changes have been 
observed in ricin (Jacoby), abrin (Romer), staphylotoxin (Wechs- 
berg, Neisser), cobra venom (Meyers, Flexner). Furthermore Mor- 
genroth and I showed that in complement also there is a destruction 
of the real active portion, the zy mo toxic group, while the hapto- 
phore group remains intact. The existence of complement olds 
has been demonstrated decisively by Sachs and myself , 1 ah hough 
Gruber had termed them £< merely fervent wishes floating alxmt 
in the serum.” 

Furthermore it will be remembered that similar phenomena 

are observed in the agglutinins and eoagulins (precipitins), the hap- 
tophore group of the agglutinin or the precipitin remaining intact, 
while the agglutinophore group is destroyed. This phenomenon 
was first pointed out in the excellent study made by Eisenberg and 
Volk in Paitaufs laboratory. Since that time a large mass of liter¬ 
ature has grown up around this subject so that now there is not 
the least doubt concerning the existence of these substances, which 
normally occur in the form of proagglutinoids. A recent study 
by Korschun 2 makes it probable that something similar to this 
occurs in ferments, particularly In rennin. In all these various 
eases it seems to be the rule that the real functionating group is far 
more labile than the one which effects combination, namely, the 
haptophore group. Hence I believe that the formation of such 


See page 209. 

Zeitsch. f. physiol. Chetnle, Bd. 37, 1903 . 
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modifications must be classed with the positively demonstrated 
faoH in medicine. 

it entirely incomprehensible how Gruber could believe that 
I lie controversion of the plurality of poisons assumed by 

mi' donates the downfall of the entire side-chain theory. 1 

How false such a conclusion is can be seen from the fact that 
fiht'fi 1 devised the side-chain theory I believed the diphtheria poison 
to \v a sample substance. My later studies, however, convinced 
me that the poison consists of several modifications: prototoxin, 
tknt erotoxin, tritotoxin, and toxon. It can easily be seen from 
my publications, however, that I ascribe the same combining group 
to all of these; they differ merely in their toxophore groups. In 
the production of diphtheria antitoxin all of these modifications 
act in exactly the same way. It shows a deplorable lack of com¬ 
prehension, therefore, when Gruber says that the refutation of the 
plurality of toxins will “ give this side-chain-theory spook its 
quietus.” 

However, let us see what proofs Gruber advances against the 
plurality of the poisons. On a previous occasion when Gruber 
brought forward these same arguments I allowed them to pass with¬ 
out socially controverting them, for I felt that his faulty mode 
of reasoning would at once be apparent to the specialist. Now that 
Grul>er, however, returns to this subject I think it may be well to 
discuss the facts somewhat in detail. 

In the majority of poisons it is probably a fact that the toxicity 
depends upon the animal species, a certain poison being more toxic 
for one species than for another. In chemically definite poisons, 
alkaloids, etc., this behavior is usually a constant one, so that in 
text-books on toxicology the fatal doses per kilo of body weight 

1 Arrhenius and Madsen (1. e.) in their very interesting study have ques¬ 
tioned 'whether the phenomena of neutralization, which I described and referred 
to a plurality of poisons, are due to a difference in the poisons or whether, as 
they think probable, they are merely the expression of a neutralization between 
two substance® of weak affinities. For the present I shall merely point out 
that my own statements refer only to diphtheria toxin, which possesses a much 
higher affinity for the antitoxin than does tetanus toxin. The investigations 
of these esteemed authors have disclosed one source of error which could easily 
tffifip into neutralization experiments. Nevertheless I believe that their con- 
«p4k» dms not apply to the toxin of diphtheria which I have studied so closely. 

I shall go lute tkmm questions more fully elsewhere, and hope then to show 
tJmt tlie standpoint maintained by me is entirely correct. 
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are usually given for various animal species. In the beginning it 
was thought that the same conditions held true for the bacterial 
poisons and several such scales of toxicity were given out by high 
authorities. As soon, however, as different toxin solutions of the 
same species were examined, e.g. diphtheria toxins obtained from 
different cultures or in different laboratories, it was found that, 
unlike the alkaloids, the scale of toxicity was a variable one. In 
the case of one poison, for example, I found that a guinea-pig of 
250 grammes was uniformly killed by a dose of 0.00375-O.0G4 cc., 
and a rabbit of 1800 grammes by a dose of 0.009 cc. This corre¬ 
sponds to a ratio of 1:2:2-2.4. In another poison the figures were 
0.003 for guinea-pigs and 0.004 for rabbits, corresponding to a pro¬ 
portion of 1:1.3. This showed that in two different poisons the 
susceptibility of rabbits varied more than half. 

The conditions, however, are far more interesting and instruc¬ 
tive in the case of tetanus poison. For a long time a controversy 
existed between v. Behring and TizzonL The former stated that 
tetanus poisons act 150 times weaker on rabbits than on mice, whereas 
Tizzoni declared that a poison prepared by him was just as toxic 
for rabbits as for mice. From the papers of these authors it is cer¬ 
tain that the two poisons when tested on mice were identical. A 
definite amount of either poison—for example, a single fatal dose 
for mice—was neutralized by the same quantity of antitoxin. So 
far as mice were concerned, therefore, the two poisons were identical. 
As soon as the poisons were tested on rabbits, however, the above- 
mentioned enormous difference in toxicity becomes apparent. This 
at once shows that these two poisons cannot possibly be identical. 
Wherein, then, does the difference consist? We have seen that the 
two poisons are neutralized by the same antitoxin, and that fur¬ 
thermore immunization with one of the poisons is followed by the 
production of an antitoxin, which acts also on the other poison. 
From this it follows that the haptophore group must be the same 
in both. Hence we must be dealing with a difference in the toxo- 
phore group, v. Berhing’s poison possessing a toxophore group which 
is highly virulent for mice and only slightly so for rabbits, whereas 
TizzonTs poison contains a group which acts equally on both ani¬ 
mals. This difference would be very like that which I have demon¬ 
strated in the case of diphtheria toxin and fcoxon. One might, how¬ 
ever, think of an entirely different explanation, namely, that the 
strain of bacteria with which Tizzoni worked secreted an entirely 
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ilitTiWit kind of poison than the Marburg culture. But this proved 
j,;;; to t he case, for v. Behring dcnionstrated that his tetanus poison 
m'bii injected into rabbits in large quantities suffers a considerable 
diminution in toxicity. On testing the properties of the poison 
contained in the serum of the poisoned animals he found that this 
ronhial pobon possessed the same constants as Tizzoni’s poison. 
l mm thb It follows that v. Behring’s poison contained also a cer¬ 
tain prof Motion of the Tizzoni variety. The Marburg culture must 
therefore have pnxlueed two varieties of poison at the same time. 
Natimillv by mixing the two poisons one can obtain new poisons 
vliidi, while they manifest the same action on mice, will have any 
desired relative toxicity for rabbits; this, of course, within certain 
limits. If one were to take the time and trouble to examine a large 
iruiTilMT of natne poisons from different laboratories, corresponding 
difference's between them would probably be encountered. 

If we recollect that various specimens of the chemically simple 
poisons manifest the same relative toxicity on different animals, 
and then consider the behavior of tetanus toxins as just described, 
me shall conclude that bacterial poisons of different origin, which 
manifest a variation in their relative toxicity, are not of simple con- 
rfijittiorp but are made up of several different constituents. It 
shows very little knowledge of the subject therefore when Gruber 
mvs; u v. Behring show's that two toxin solutions, which in a given 
unit of volume contain equal f Ms., Le., whose unit of volume kills 
a like number of grammes of mouse in four days, may have an entirely 
different content of f rabbit, f pigeon, f goat, and f horse. This 
once disposes of Ehrlich’s conclusions.” It is just such phenomena 
wlwli argue in favor of the plurality of poisons; they do not speak 
aimin'* t it. 

Umber bases another of his objections on the interesting obser¬ 
vation h made by Madsen and Dreyer on toxons (Zeitsch. f. Hygiene, 
Vol. 37, page 251). In his dictatorial manner he says that “ these 
o! nervations demonstrate conclusively that Ehrlich’s method of 
maiwirg toxins is absolutely useless*. Only a person ignorant of 
rinunistry could maintain that the different results in guinea-pigs 
in rabbits are sufficiently explained by the different susceptL 
hihfv of the animals to the toxins." 

To begin, Gruber’s premise is absolutely misleading, when he 

m But if the poison is neutralized it will be without effect even 
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on the most susceptible animals. Let us imagine, for example, a 

mixture of sulphuric and acetic acids, neutralized by the gradual 
addition of baryta water. Once all the sulphuric acid is neutralized, 
even the most sensitive reagent to free strong mineral adds will be 
unable to detect any trace of it.” 

Let us see just what Gruber means by this comparison. The 
sulphuric acid corresponds to the toxin; the antitoxin is represented 
by the alkali. In accordance with the comparison the receptors of 
the cells are represented in the animal tody by the alkali of the 
tissues. If now we inject an animal with sulphuric acid previously 
neutralized with ammonia, i.e., a solution of ammonium sulphate, 
it will depend mainly on the affinity of the tissue alkali, whether or 
not the neutral ammonium sulphate will he dect>m|iosed and sul¬ 
phuric acid allowed to enter the tissues, ammonia being set free. 
If we assume, for instance, that the tissue alkali is comparable to 
a strong base like sodium hydroxid or barium oxid, the ammonia 
Introduced in combination with the sulphuric add will he absolutely 
unable to prevent the poisoning; the weak base will be forced out 
of the salt and replaced by the stronger base. In general we must 
assume that the antitoxin possesses a higher affinity to the toxin 
than do the tissue receptors, for only on this assumption ran we 
explain the protective action of the antitoxin. Numerous phenomena, 
however, indicate that the affinity of the tissue receptors can become 
increased. I had reached these conclusions long before the pub¬ 
lication of my theory, which as many know I formulated years before 
it was published. The cause of this long delay was the phenomenon 
of hypersusceptibility, i.e., the peculiar fact that immunized ani¬ 
mals, despite a colossal excess of antitoxin, succumb to the action 
of the poison. The first light on this subject was the study’ of Bonitz, 
in which it was shown that the poison shortly after its union with 
the tissues is but loosely bound. In the course of a few hours the 
union becomes firmer and firmer so that after a certain time, which 
may vary from a few minutes to six hours, according to the dose, 
the poison can no longer be abstracted from the tissues by the anti¬ 
toxin. This fact seemed to indicate that under the influence of 
the poisoning the affinity of the tissue receptors* gradually becomes 
Increased and that when a certain point is reached a cure by means 
of antitoxin is impossible. This, however, furnished me with an 
explanation of hypersusceptibility and removed the obstacle which, 
had kept me from publishing my theory. 


522 


COLLECTED STUDIES IN IMMUNITY. 


I should also like to mention that Kretz, 1 many years later and 
entirely independent of me, reached exactly the same conclusions 
m I had. His very interesting study was based on experiments 
with diphtheria-immune horses. Following his usual tactics, Gruber 
will, of course, draw the conclusion that the increase in the tissues 
affinity, since it agrees with my theory, cannot really occur, and 
he will therefore regard the entire subject as utterly fallacious and 
best not discussed. The unprejudiced observer, however, need 
hardly be told that it is impossible for chemical groups attached 
to living protoplasm to maintain their affinity unchanged as though 
they were made of stone; especially is this true if we consider the 
varying function of the protoplasm. 

Let us take anilin as an example, and determine the combining 
heat of the XH 2 group for a certain acid. We shall then find that 
nearly all substitutions of the benzol nucleus, as, for instance, the 
introduction of an amido group, a nitro group, a sulfo group, etc., 
markedly change the affinity either positively or negatively. Thus 
even the introduction of what is conceivably the most indifferent 
group, the methyl radical causes a distinct and marked diminution 
of the combining heat. Under these circumstances any one who 
thinks chemically would consider it peculiar if a change in the affinity 
of the cell constituents were to be regarded as something absolutely 
inconceivable and beyond the pale of discussion. 

Since Gruber has given only that part of Madsen* and Dreyeris 
experiments which fits into his polemic, it will be necessary for me 
to supplement this with some additional data from their study. 

These authors employed a diphtheria poison of which the fatal 
dose for a guinea-pig of 250 grammes was 0.009, and for rabbits 
of 1200-1000 grammes, 0.0076. Calculated per kilo this shows 
that the rabbits were about six times as susceptible as guinea-pigs. 
The Lq dose, i.e., that amount of poison, which is just completely 
neutralized by one immune unit, was 0.6 cc. for guinea-pigs. Right 
here I must emphasize that the Lq dose, as I conceive it, refers exclu¬ 
sively to guinea-pigs, since according to my experiences this is the 
only animal in which, thanks to the peculiar susceptibility the con¬ 
stants of the poison can accurately be determined. In the serum 
mixture Io all the constituents of the poison, toxin, and toxon are 
completely neutralized, so that not only the single amount hut also 


1 Zatsda. f, Heilk., VoL 23, 1902. 
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high multiples of this can be injected into guinea-pigs without causing 
a trace of local or general reaction. If the same amount of poison, 

10 j 

0.6 ce., was mixed with 1 . E. instead of with one I. E. it was 


found that the toxin fraction had practically been completely neu¬ 
tralized, leaving only the toxons, characterized by the develop¬ 
ment of paralyses. Just in this poison Madsen and Breyer have 
shown that the difference between toxin and toxon is qualitative 
and not quantitative. They found that mixtures of poison and 
antitoxin, which were near the limit of toxin neutralization, showed 
only toxon action when given in small doses, whereas when the mix¬ 
ture was increased tenfold, death occurred from toxin. 1 

If, however, the quantity of antitoxin was also slightly increased f 
even the tenfold multiple showed only toxon action . From these data 
we see that the poison consisted of about 167 units toxin-toxoid 
and 33 units toxon. 

This same poison was subjected to a thorough investigation on 
rabbits by Dreyer and Madsen and gave the following results: if 
€.6 ec. poison are mixed with one I. E., it will be found that this 
mixture, which represents the Lo dose for guinea-pigs, is still highly 
toxic for rabbits. In order to render this amount of poison com¬ 
pletely innocuous for rabbits it is necessary to add more antitoxin ; 


as a matter of fact it requires 


Their statements concern¬ 


ing the behavior of mixtures between these two limits are also very 

210 

interesting. A mixture of 0.6 cc. poison -f ^ L E. given to a rabbit 


gives rise to paralytic phenomena appearing on the fifteenth day 
and ending fatally on the twenty-second day. Even a mixture of 


the same dose of poison with 


232 

200 


I. E. produced paralysis com¬ 


mencing on the sixteenth day and continuing for several weeks. 
In view of the importance of these facte for the conception of a plu¬ 
rality of poisons, I cannot pa ss on without discussing them more 
fully. According to our definition of the Lq dose, such over-neu- 


1 The explanation of this is that the toxon determination by means of 1 1. E. 
naturally cannot be an absolutely exact one, small residual amounts of toxin, 
eg., 1/16 lethal dose, readily being overlooked. If, however, an appropriate 
multiple, say ten times this mixture, be injected, this will contain ten times 
1/10 fatal dose. 
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like the mixture possess a considerable 

exress of antitoxin, are absolutely innocuous for guinea-pigs and 

tain be inject al in any desired quantity. In fact, owing to the excess 
of antitoxin, such mixtures furnish the animal with passive immunity 
and protect it, provided suitable amounts have been injected, against 
diphtheria poison and diphtheria bacilli. If such mixtures, how- 
tnen arc still toxic for rabbits, only one possibility remains, namely, 
tliat the diphtheria poison in question contains a substance which 
non-toxic for guinea-pigs, but still toxic for rabbits. This is my 
tnxonoid. 1 

So far as the behavior of partially neutralized mixtures is con- 
ecTimi, the investigations of the two authors show that mixtures 
which exert only toxon effects on guinea-pigs cause death and symp¬ 
toms of diphtheria poisoning in rabbits. In my opinion the phe¬ 
nomenon described can best be explained by the assumption that 
at least three varieties of poison are to be distinguished, possessing 
different affinities and different actions. Such an assumption, I 
believe, will best harmonize the actual facts. These poisons are: 

I. Toxin, possessing the greatest affinity, kills rabbits and guinea- 
pigs acutely, but is much more toxic for the former. 

2. Toxon, killing rabbits acutely and guinea-pigs with paralytic 
symptoms. 

;i. Toxonoids, producing paralyses in rabbits but innocuous for' 

guinea-pigs. 

That all these poisons act more powerfully on rabbits than on 
guinea-pigs is explained by the absolute higher susceptibility of 
these animals. So far as the behavior of the toxonoids is concerned, 
in which enormous differences in rabbits and guinea-pigs are mani¬ 
fested, such behavior finds numerous analogies in toxicology, espe¬ 
cially in the study of toxins. Thus heroin, an acetyl derivative 

1 Almost at the outset of my investigations and long prior to Madsen and 
Dreyer i obtained results entirely similar to these. My unpublished but very 
extensive studies showed that this property is not possessed by ail diphtheria 
poisons, for 1 also encountered poisons in which the L© dose was exactly the 
in guinea-pigs and rabbits. This fact controverts the assumption that 
perhaps the described phenomenon is due to an incomplete neutralization, 
such m Arrhenius and Madsen have demonstrated in the union of boric acid 
ami ammonia, and in that of tet&nolysln and amtilysin. If this were the case 
t>tte would Expect the phenomenon to be present in all diphtheria poisons to 
the !*arae extent, and this is not the case. 
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of morphine, is far less toxic for rabbits than is morphine; for asses 
on the other hand it is far more toxic* than the latter substance. In 
the ease of toxins v. Behring: long ago showed that for different 
species of animals certain toxins are verv differently affected by 

triehloriodine. As 1 suggested in my address at the International 
Medical Congress in Paris we are evidently dealing here with incom¬ 
plete toxoids, i.e., with toxoids whose toxophore complex is not 
yet completely destroyed. Portions of this complex still left to 

the poison possess a high toxicity for one species of animal and little 

or no toxicity for another. The toxophore groups of the tetanus 
poisons mentioned above (Tizzoni and v. Be tiring) afford a sufficient 
analogy. 

A consideration of these facts will show that Gruber’s statement, 
that the facts observed by Madsen and Dreyor reduce my theory 
to an absurdity, is absolutely incorrect. On the contrary, I may 
say that the facts brought out by these authors are most readily 

explained on the basis of my theory. 


I shall now take up Gruber’s recent experiments. These were 
first published in the Wiener klin. Wochenschrift 1 in a form strongly ? 
suggestive of the comic supplement of a newspaper. 

The discussion takes the form of a letter purporting to be written 
by a certain Phantasus,” and is really very cleverly conceived. 
Only I would protest against publications of this sort appearing in! 
the columns of a scientific journal. 

Two series of experiments come into question. The first series 
is so curious that I have not felt any desire to repeat the experi¬ 
ments. These deal (a) with the property of sulphuric add to act 
as a poison on cane sugar, and (b) with the antitoxic action which 
water exerts on this property. Any one with even the faintest knowl¬ 
edge of chemical processes knows that the sulphuric acid as such 
is not deprived of this poisonous action by water; this is effected 
only by an alkali which, by forming a salt, neutralizes the acid. I 
am able to furnish an additional case which shows the “ defoxitiziag ” 
effect of water. A highly concentrated sulphuric acid, containing 
considerable anhydride, acts destructively on iron. If H^O is added 
until the solution contains the monohvdrate it will be found that 
the addition of the water has reduced this capacity to attack iron 


1 Wiener klin. AVochensehr., No. 27, 1903. 
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fa practically zero. In this case then, just as Gruber states, the 
water has acted as an antitoxin. On the addition of more water 

the mixture, however, the iron is again attacked. In fact the 
inure water now added the stronger becomes this action. We thus 
obtain the carious result that in small doses water acts as antitoxin, 
while in large doses it increases the action of the poison, surely an 
interesting problem for Dr. Phantasus! 

This Is merely one of the special instances of the fact thus far 
unexplained, that the different hydrates of sulphuric acid, or their 
mixtures, manifest a most extraordinary variation of properties* 
I mav refer the reader to the minute and fundamental study of 
•Knietsch, 1 in which the variations of the properties of sulphuric 
arid at different concentrations have been represented in the form 
of a curve for many of these properties, thus specific heat, electric 
resistance, boiling point, vapor tension, viscosity, capillarity, action 
on iron, etc. A glance at this chart gives one the impression of 
chaos, and at once shows that on these complicated problems only 
deep studies can lead to any results, and that the ten-minute experi¬ 
ments made by Phantasus-Gruber-Pirquet are absolutely worthless. 
This is especially true in Gruber’s case, which deals wbth an obscure 
reaction in which oxidation, abstraction of water, cleavage and sul- 
phurization take part. Hence I deny that crude experiments of 
this kind can be used to gain an insight into such an entirely different 
subject, or that the conditions there observed can even he com¬ 
pared to the minutely differentiated processes of toxin-antitoxin 
combination. 

We shall next take up Gruber’s experiments which deal with 
the hemolytic action of water, since to persons at a distance these 
might give the impression that they really have something in com¬ 
mon with studies in haemolytic toxins. The experiments- are sup¬ 
posed to show that water is composed of an infinite number of differ¬ 
ent poisons. Let us listen to Gruber for a moment: 

“ Pure water exercises a very great osmotic pressure on red 
blood-cells, leading to their swelling and to the escape of haemoglobin. 
Hence water is a toxin for the erythrocytes, salt is an antitoxin. 
When successive amounts of salt are added to the water this toxicity 
U gradually lost, for the affinity of the water, and with it the osmotic 
pressure*, is thus gradually decreased.” 


1 Berleht d. deutseh. ehem. Gesellschaft, 1901, page 4069. 
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We see therefore that Giuber-Pirquel assume that pure water 
possesses a high osmotic pressure and that salt diminishes this. The 
very foundation of the doctrine of osmotic tension, however, is the 
fact that water as such possesses NO osmotic pressure, and that 
such pressure is produced by salts dissolved in the water. I can¬ 
not refrain from pointing out this woful ignorance of the most ele¬ 
mentary principles on the part of authors who do not hesitate to 
accuse me of “ complete lack of insight into chemistry,” although 
for years I have endeavored, and not unsuccessfully, to apply the 
great discoveries in chemistry to medicine. 

The solution of erythrocytes by means of water is one of the 
best studied subjects in medicine. It is generally recognized that 
the water as such is no poison whatever, but that its action is due 
to the fact that water abstracts the salts and other soluble substances 
from all living cells, including, of course, the red blood-eel Is. These 
substances are abstracted in such considerable amounts that this 
alone suffices to bring about the death of the cell. The swelling 
of the red blood-cells is due to the penetration of water and this 
again depends on the permeability of the limiting membrane on 
the one hand and the power of the water to abstract water on the 
other. 

With the same right that Gruber regards water as a poison one 
could call nitrogen a poison and oxygen as the counter poison for 
the nitrogen, for animals die in pure nitrogen, but live if oxygen is 
added. At any rate nitrogen poison can be recommended to Dr. ^ 
Phantasus for extended study. Perhaps some day he will also work * 
out its spectrum for us. 

Despite the fact that the premises from which their experiment 
proceeds are based on a complete misconception of the idea of poison, 

I have repeated the experiments of Gruber and Pirquet. The results 
show that their statements concerning the experiment are entirely 
incorrect. I first determined the concentration of salt and of sugar, 
in which the ox blood-cells remained completely intact; for NaCi 
this was found to be 0.03%, for cane sugar 6.4%. By diluting 
with water, various degrees of this isotonicity <1/10, 2/10, etc.) 
were produced. Each tube contained altogether 2 cc. of fluid and 
one drop of defibrin&ted ox blood. The result is shown in the form 
of a “ spectrum,” which may be compared to that obtained by 
Gruber in his experiments. 

This comparison shows us that Gruber's experiments are abso- 
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1-ii.lv incorrect, and that they contradict all that is thus far known 
. ■,!’ iivn:ii:it .-.ilution of the red blood-cells. Gruber states that in 
1 10 solution, one containing about 0.07% NaCl, about 

[...... ;f» 5 ) „f i}]c blood -cel Is remain undissolved. All other authors, 

, it'U'T. luno found that even in a solution of 0.3% NaCl, the 
s ail warm-blooded animals are still completely dis- 

. , r«, that the solution appears uniformly laky, and microscopical 

: ,/!, i'uition shows not even a trace of red-blood corpuscles. In 
,,, y, spectrum, however, we find that with this percentage more 
t: .,!i half of the blood-cells remain undissolved. This indicates 
in Gruber's experiments the grossest sort of errors abound. 

W ith Salt With Sugar 


Of 

UUuwiyae in Percent 


Decrease of 
Hamolyse in Percent 



What can we deduce from these spectra? The fact that a cer¬ 
tain amount of NaCl can be added to the “ poisonous ” water with¬ 
out inhibiting hemolysis, would lead authors holding Gruber's views 
to conclude that this “ poisonous ” water contains a pro to toxoid 
whose neatralization has bo effect whatever on the toxic action. 
A single glance at the detailed literature on this subject should, how¬ 
ever, have convinced these authors that their curve, as such, has 
I nothing whatever to do with toxic actions, but is merely the expres¬ 
sion of the specific differences In the red blood-cells. It is well known 
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that the blood represents a mixture of cells of various ages, and it 
is not at all surprising, therefore, that these should helm e differently 
toward different injurious influences. We are here dealing with a 
property of the erythrocyte’s protoplasm, which protoplasm will fmssess 

a different degree of vulnerability according to its age. Are Gruber- 
Pirquet entirely unaware that an important and much-employed 
procedure for determining the resistance of the blood rests on just 

With Salt W ith Sugar 

Decrease Decrease 



Isa tonicity Isotonicity 


Fig*. 2.— “ Poison spectrum 9t of water according to Ehrfidb. 

this principle? Every text-book an haematology teaches that we 
distinguish blood-cells of maximum, minimum, and intermediate 
resistance, and that the extent of resistance is merely the difference 
between the maximum and minimum. 

Instead of this, however, Gruber feels compelled to draw from 
his curves conclusions having such far-reaching consequences as, 
for example, that water is full of poisons, of haptophore and toxo- 
phore groups, etc. But if he believes that this proves the folly of 
my conception of toxin neutralization, so much the worse for Mm 
and his authority Phantasus. 
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H one conducts experiments that have nothing to do with the 
problem under discussion, further, if the method of these experi¬ 
ments is grossly at fault, and it, finally, the results thus obtained 
are given an utterly false interpretation, it is not surprising that 
the most fantastic results are obtained. 

Finally U.nilier describes one more experiment which he illus¬ 
trated by "means of a curve. According to him this too demonstrates 
t hat my thenry is untenable. The experiment shows that the haemol- 
\. iS „f ox blood, by means of a certain quantity of specific haemolytic 
ie'runi within half' an hour, is dejiendent on the dilution. I need 
bardlv remind my readers that 1 have always laid stress on the chemi¬ 
cal nature of the toxin and antitoxin combination. I can assure 
them that the factor of the degree of concentration has ever been 
.-uffieiently regarded. If Gruber will refer to my first study on this 
subject, “ Die Werthbemessung des Piphtherieheilserums,” he will 
find the statement: “that the union of poison and antibody pro¬ 
ceeds much more rapidly in concentrated than in dilute solutions," 
ami further also “ that heat hastens the union and cold retards 
the same/’ 

The behavior which Gruber describes is all the less surprising 
sinre he is dealing with a complex process depending on the action 
of the amboceptor-complement combination. How readily this 
combination is dissociated has repeatedly been pointed out by us. 
Perhaps Gruber thinks that this experiment is new to me; every 
one versed in the subject, however, knows that we are here deal¬ 
ing with the most commonplace phenomena, with which every beginner 
• is well acquainted. 1 should like to point out, however, that this 
phenomenon, namely, that dilution with water inhibits the action 
of hemolysins, is not at all constant. On the contrary it is limited 
to those cm® in which the affinity between amboceptor and cell, 
or between amboceptor and complement is relatively slight. If 
one employs poisons in which the affinity between receptor and 
cell is great it will be found that within the limits mentioned the 
addition of water is practically without effect. Thus, in working 
with oobra venom, I found that a given quantity of this poison 
exerted exactly the same effect whether the volume of water used 
was 1 or 15. 

It would lead us too far to enter into ail the distortions and mis- 
mcei&toiks contained in Gruber’s polemic. To do this would require 
atmwt a complete reprint of all mj articles, as well as of many others 
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emanating from the Institute—with all of which Gruber seems quite 
unfamiliar. 1 shall content myself therefore with a brief discussion 
of Gruber’s conclusions. Gruber states: 

1. 44 There is no warrant for assuming that the bacterial toxic- 
solutions contain a number of poisons possessing qualitatively simi¬ 
lar actions but differing in intensity and in their affinity to the anti¬ 
toxin. 1 ' 

In the preceding pages I have conclusively shown that his view 
cannot be harmonized with the actual facts. But even a priori 
there is no reason to assume that bacterial ceils always produce 
only a single poisonous metabolic product. Thus, to mention only 
a few examples, we know that cinchona bark contains about twenty 
different alkaloids, opium about the same number; Flexner and 
Noguchi's researches show that snake venom contains at least four 
different poisons (hsemo toxin., leucotoxin, neurotoxin, endothelio- 
toxin), and the yeast cell, we know, contains a number of different 
ferments. Furthermore, I may again call attention to the fact that 
the secretion of tetanus bacilli contains four distinct poisons, namely, 
two varieties of tetanospasmin, my tetanolysin, and the poison 
which, according to Tizzoni, causes the cachexia. So far as diphtheria 
poison is concerned the reader is referred to my previous statements. 
My assumption of the existence of at least two poisons, toxins, and 
toxons, is borne out by the clincal observation that in certain epi¬ 
demics there is a large percentage of paralyses. 1 

2. “ There is no reason for assuming that the mode of action of 
the toxins is absolutely unlike that of other organic poisons." 

Nevertheless, the fact remains that the principal characteristic 
of the toxins, namely, the production of antibodies, does differentiate 
them from all other poisons, Gruber to the contrary notwithstand¬ 
ing. Two years ago Gruber could have found an ally 7 in Poh! ? who 


1 In experiments as a rule, the toxons do not manifest themselves 

until the toxins (which possess a greater affinity) have been neutralised by 
the antitoxin. Dreyer and Madsen, however, have described a diphtheria 
poison (Festskrift, Copenhagen, 2902), in which the toxons could be demon¬ 
strated even by the injection of subleth&i doses, the injections being followed 
by paralytic phenomena. In view of the constants of this poison, as they were 
determined by Dreyer and Madsen, this behavior is not at all surprising, for 
while old diphtheria bouillons ordinarily contain about 33 toxon equivalents 
to 167 toxin equivalents, this poison contained about 500 toxon equivalents 
for that amount of toxin. 
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kul apparently succeeded in immunizing against solan in. Since 

tlifi?, however, the researches of Bashford 1 and of Besredka 9 have 
>h(nxi) that it is impossible to produce antibodies against either 
sohnin or sajMinin. Pohl himself no longer maintains the existence 
of a ^poeitie antisolanin. Of the various poisons, which seemed 
to promise the best for successful immunization, morphine should 
ho mentioned first. Recently Hirschlaff 3 claimed actually to have 
pro In ml an antirnorphine serum. Morgenroth, 4 however, was able 
to diew that the results obtained by Hirschlaff were merely apparent, 
in if real, and that they depended on the fact that the doses of poi- 
-mn employed bv Hirschlaff were not surely fatal, especially owing 
to tlie increased resistance of the animal following the serum 
injection. Hence the statement still holds true that all poisons 
chemically well defined do not possess the property of producing 
antitoxins. 

So far as other differences between ordinary poisons and toxins 
are concerned, I may refer particularly to my detailed articles in 
xm Leydens Festschrift 5 and to the excellent monograph by Over¬ 
ton 6 From these it will be seen that the action of the chemically 
defined poisons, alkaloids, glucosides, etc., on parenchyma is the 
result of a solid solution or of a loose salt formation. In accordance 
with the loose character of the combination, the action of these 
poisons is a transitory one. The firm union and prolonged action 
peculiar to the toxins is entirely absent. Besides this the period 
of incubation is wanting in most ordinary poisons, although there 
are a few exceptions like arsenic, phosphorus, tartrate of tin and 
sodium, and vinylamin. In the toxins, on the other hand, a period 
of incubation is the rule. 

Entirely in accordance with the views of Emil Fischer concern¬ 
ing ferments, 1 have ascribed the specific combining processes of 
toxins to certain stereochemical groups of atoms (haptophore groups). 
These unite only with such other atomic groups which fit to them 
m does a key to a lock. The ordinary chemical groups of organic 
chemistry possess affinities for a large number of other groups. Thus 


1 Archives Internationales de Pharmacodynamics, Vols. 8 and 9. 
*See Metebnikoff, LTmmunit^, Paris, 1901 . 

* Berliner klin. Wochensdarift 1902. 

♦Ibid., 1903, No. 21. 

* Von Leydens Festschrift, August Hirsehwald, Berlin, 1902 . 
•Sttidien eber die Narkose, Jena 1901. 
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the aldehyde group can unite with amido groups, hvdraziu groups, 
methylen groups, etc. In this group therefore the combining prop¬ 
erty is not specifically limited, but extends to a large mini her of 
combinations. On the other hand the one characteristic of toxins 
and ferments is just this specific combining property. 

3. “The transformation of toxins into non-poisonous combina¬ 
tions (toxoids) , possessing the same affinity for the antitoxin is pos¬ 
sible, but has not been definitely pro Ten.” 

I haye already clearly shown that the doctrine of toxoids, now 
generally accepted, is one of the best-established foundations in the 
entire subject of immunity. However, with critics like Grill >er, 
who blindly condemn the views of others, one ought to be satisfied 
if they recognize at least a possibility. 

4. “ Toxin and antitoxin have feeble chemical affinities and 
therefore unite with one another to form dissociable combinations or 
perhaps molecular combinations in varying proportions. These con¬ 
ditions explain the long incubation of the poisonous action and other 
marked phenomena.” 

To be sure the affinity between toxin and antitoxin may in some 
instances be a feeble one, but this is by no means always the case. 
The affinity between tetanus toxin and antitoxin is slight, and so 
is that between complement and amboceptor. On the other hand, 
however, there are poisons, such as diphtheria toxin and snake venom, 
in which the reaction proceeds under strong affinities, so that the 
process of neutralization takes the course of a straight line and not 
of a curve. 

Gruber's statements might also give one the impression that 
he is the first to introduce dissociation as an explanation of same 
of the phenomena in immunity. 1 have always emphasized the 
fact that amboceptor and complement are loosely bound, uniting 
at high temperatures, but dissociating at low temperatures. 1 But 
this is all wrong according to Gruber, 1 for a year and a half ago he 


1 1 shall cite a passage from Ehrlich and Morgeoroth's First Communi¬ 
cation Concerning Hemolysins (see page 7 of this volume), a passage which 
Wechsberg has already called to Gruber's attention (Wiener Idin. Woehensehr, 
1901, No. 51). “ This experiment clearly shows that under the conditions 

present complement and immune body exist in the serum independently of 
one another further also, “ under certain circumstances the immune body 
enters into a loose chemical union with the complement, one which is easily 
dissociated." In view of this I cannot understand why Gruber still main- 
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laid down the dictum, “ There is no dissociation by means of cold” 
It seems not to have mattered to him that his statement is opposed 
to even the most elementary principles of chemistry. 

As a matter of fact we have always paid due attention to disso¬ 
ciation and to the reversibility of the reactions. I should like to 
call (1 ruber's attention to the fact that the sentence: “ In the union 
of the amboceptors we are dealing with a reversible process ” occurs 
in one of Morgenroth’s studies 2 from this Institute. Further than 
thn such questions do not affect the Side-chain Theory, as such. The 
whole discussion is evidently designed to hide the fact that Gruber’s 
position is really based on my theory. 

So far as the mode of action of the toxins, is concerned, 
Grates standpoint and mine are essentially the same. Thus 
Grate state that: U A11 poisons must be 'anchored' by the 
cells and the anchoring group of atoms is probably always different 
from that group which gives the substance its toxicity.” I spent 
many years in establishing this view and it is now everywhere accepted 
as axiomatic. I defy Gruber to show me the text-books of toxi¬ 
cology in which, previous to my work, this conception appears, a 
conception which dominates the laws of the distribution and action 
of poisons. If he should again refer to S. TrankeUs book 3 I can 
only remark that while the account of my view’s is very admirable, 
it is nothing more than a r6sumd of the points which I had previously 
developed. Perhaps I can even aid Gruber’s memory and let him 
speak for himself. A year before his declaration of war he spoke 
of “ the brilliant hypothesis of that genius Paul Ehrlich, the greatest 
of living pathologists.” In a little work 4 published at that time, 
and quite enthusiastic over my theory he states: “ According to 
Ehrlich only such substances are poisons which unite chemically 
with some constituent of the organism.” And yet this same Gruber 
to-day says: “ These are merely new words for, what has long been 
known.” ' 

I should not like to deprive the reader of hearing still another 

—- .. —- 5 - - - -. ...... .. ■ — . 

tains that toy view of the production of antieoraplements, according to which 
amboceptor and complement aTe firmly united, is absolutely incomprehensible. 

1 Hunch, raed. "IVochenschr. 1901, No. 48. 

* Ibid., 1903. 

9 Die Arzneimltfcelsyn these, Berlin, 1901. 

* Max Gruber. Neuere Forschuugen uber erworbeDe Immunitat, VieDna, 

im 




TOXIN AND ANTITOXIN. 


Ail 

authority often cited by Gruber, namely von Behring. Shortly after 
my theory was formulated this author expressed himself as follows : 1 
“ It seemed about hopeless to attempt to |>enefrate these mysteries, 
when recently Prof. Ehrlich published a theory which is destined 
to illuminate even this subject.” 

But even now r Gruber does not doubt li that the toxins are very 
complex bodies and that the toxic action is connected with certain 
atomic groups; that possibly it is necessary for certain atomic groups 
to be present so that the poison molecule can he anchored and the 
toxicity manifest itself." 

One will at onee ask why then Gruber attacks my theory if he 
is satisfied with its fundamental principle, namely, the assumption 
of an independent haptophore and toxophore group in the poison 
molecule ? That I cannot answer. To be sure further along one 
encounters the warning, “ But one must not too highly personify 
these different atomic groups, and think of this entire poisoning 
as a drama with four long intermissions between the acts." I cannot 
see what is to be gained by such idle talk. 

As a matter of fact the majority of infectious diseases as well 
as the poisonings do proceed in three phases, and these have always 
been separated, namely, incubation, the disease itself, recovery. 
Hence to explain these, as we do, through the independent action 
of toxophore and haptophore groups seems the most natural thing 
to do. It is strange that Gruber should now speak of the anchoring 
of the poison by the elements susceptible thereto as something per¬ 
fectly obvious, for in Ms first attack he laid especial emphasis on 
“ his being the first to furnish, the important demonstration that 
the specific immune substances are bound by the bacteria.” How¬ 
ever, Gruber's claim cannot be allowed, for all that he demonstrated 
was that the agglutinins are used up in the reaction. The signifi¬ 
cance of a chemical union, however, was first pointed out by us. 
This union, as Morgenroth’s studies on the behavior of anchored 
amboceptors show, need in no way be connected with toxic action 
or with a using up of the substance. 

Gruber's statement that the long period of incubation is explained 
by the feeble affinities I must emphatically deny. The studies of 
Doniti 2 and of the Heyman school 3 show that the injected toxins 


1 Deutsche med. Wocheuschr. 1898. 

•Ibid., 1897. 

•Decroly et Rouse, Arch, de Interoat. de Fharmaeodynamie, Vol. VI. 
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disappear from the circulation in a few minutes. It Is therefore 
idle to talk of a slow union such as would correspond to weak affini¬ 
ties, But, says Gruber, “it is Impossible to understand why the 
toxopliore groups, after they have been brought Into proximity to 
the protoplasm, do not at once commence their activity, but always 
utop to rounder the matter for several hours." One cannot seriously 
discuss the subject with such a questioner. Gruber might just as well 
ask that all chemical reactions proceed rapidly, and deny the possi¬ 
bility of a slow reaction. 

The slow action of the toxophore group is not at all remarkable, 
especially in the domain of toxins. This is particularly true if we 
rcniieinlwT that with certain poisons (e.g. botulism toxin), one part 
of toxin to 500 million parts of body weight suffices to cause death, 
and that the rapidity of action is dependent to a high degree on 
the amount of the active substance. 

Is Gruber possibly of the opinion that in the paralysis of diph¬ 
theria, which as is well known usually develops after the lapse of 
weeks, the toxon courses about free for twenty days or more before 
entering the tissues and then suddenly exerts its action? "To the 
unprejudiced critic the Importance of the separation of toxin bind¬ 
ing and toxin action for the proper understanding of the period of 
Incubation, is conclusively demonstrated by Morgenroth’s 1 experi¬ 
ments with tetanus in frogs. Courmont and Doyon, as is well known, 
discovered that the frog is susceptible to tetanus poison only at 
higher temperatures, and not when the animal is kept cold. Mor- 
genroth was able to show that at low temperatures the tetanus poison 
is bound, but exerts no toxic action. Frogs are injected with tetanus 
toxin and then kept on ice for days. If then they are subjected 
to higher temperatures, it will’be found that they behave exactly 
as if they had just been inoculated. And yet the toxin has been 
bound by the central nervous system even at the low temperature; 
for if after several days at low temperature the animal be injected 
with an amount of antitoxin, even much more than sufficient to 
neutralize the poison, tetanus will still develop if the frog is subjected 
to a higher temperature. Hut this is not all. If frogs, after being 
injected with tetanus, are subjected to a high temperature for one 
day, and then placed in the refrigerator, they will not become sick. 
But on bringing the animals back into higher temperatures after 


1 Areh Internal de Phann&codyn&m.., VoL 7, 1900. 
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the lapse of weeks or months, it will be found that they dckcn uIt r 
a shortened period of incubation. Are any flirt Ikt prwO of the 
slow action of the toxophore group required? 

It is not easy to meet all of Grubers statements Invalid l,i fre¬ 
quent ly makes use of misleading tactics. He often retu h > ih,> 
same conclusions as 1 myself, and grants that certain ot my 
are permissible or probable. In some things, he says, 1 am u<m« t 
in the main, in others I may be right, but have not strictly jov^c-d 
my point. All these statements are but a clever eontrh :irre m 
give the reader the impression that ray theory is hut a undue? *.f 
the imagination when as a matter of fact is it really a hyymt hi>:? 
developed experimentally. This brings me to Gruber's fifth con¬ 
clusion. 

5. “ The development of antitoxin has no connection whatever 
with toxic action or cell immunity.” 

It will suffice for me to call attention to the fact that 1 have always 
insisted on distinguishing between the haptophore and toxophore 
groups in the toxin molecule and also between the anchoring and the 
action of poison. I might add that this absolute independence of 
toxic action and antibody production is a principle which I formu¬ 
lated, not Gruber. As far back as 1S98, AYeigert 1 rightly pointed 
out that my demonstration 2 of antitoxin production through non- 
poisonous toxoids was sufficient to demonstrate the independence 
of antitoxin production and toxic action. Furthermore I have 
repeatedly pointed out that the development of antitoxin depends 
on the haptophore group. Over 1§ years ago Paltauf 3 called 
Gruber’s attention to the weak points in his objection and one might 
therefore have expected that Gruber would not again bring forward 
this old fairy-tale. In the future I shall not reply to penermnm 
of this kind. 

So far as the reasons are concerned, which Gruber gives in sup¬ 
port of the above statement regarding the development of anti¬ 
toxin, I may at once say that I can assent to them word for word* 
Thus the statement that: 

(a) “ Many substances which are entirely innocuous lead to 
the formation of antibodies'* is the first consequence of ray viewv. 
and experimental labors. The fact that 

1 Liibarscsh-Ostertag, Brgebnlsse der pathologischea Anatomic IV Jabrg&cg, 

* WfrthbtmeMiEtg des Diphtherieheilseruna®, Klin. Jahrbuch. 

8 Wieaer klia. Wochenschtr. No. 49, 1901. 
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\h) “ Certain animals non-susceptible to certain toxins never* 
tholess produce antibodies ” needs no farther explanation according 
to mv theory. Certain species of animals may possess suitable 
receptors for binding the toxin and producing antitoxin although 
their cells are insensitive to the action of the toxophore group. Accord- 
mg to Metchnikoff this seems often to be the case with tetanus toxin 
in crocodiles. As already pointed out years ago by Weigert 1 accord¬ 
ing to iny theory, the production of antitoxin need not at all be 
preceded by any, injury in a clinical sense. In fact, too strong an 
injury may cause the ceil to lose its power of regeneration, owing 
to the toxic action on the vital group [Leistungskern]. For example, 
if a specific nerve poison is anchored by a fitting receptor of an indiffer¬ 
ent cell (liver) we should expect the production of an antibody by 
the liver, even if the liver-cell does not become tetanized. In my 
address at Hamburg 2 before the Congress of Naturalists I pointed 
out that the local origin of antitoxin, which Romer deduces from 
his splendid experiments with abrin, will often make it possible to 
transfer part of the antitoxin production from the vital organs to 
the indifferent connective tissue, by means of subcutaneous injec¬ 
tion of poison. 

Gruber's next statement is: 

(c) “ Despite a plentiful production of antibody, the suscep¬ 
tibility to the poison may remain, or even increase.” 

I have already discussed the principle of hypersensitiveness 
and mentioned the fact that this objection restrained me for a long 
time from publishing my theory. But even these phenomena were 
satisfactorily explained in accordance with the side-chain theory, 
by the assumption of an increase of affinity and a rupture of the 
toxin-antitoxin combination. To he sure it is possible that our 
explanation touches but part of the subject, and that in reality the 
phenomena are far more complex. But this is no reason for seek¬ 
ing to overthrow the theory; to do so would be to completely mis¬ 
apprehend the purpose of a theory. Surely one cannot demand 
that a theory will at once explain all the complex phenomena of 
m difficult a subject as this. A theory ought primarily to possess 
heuristic value, pointing out new paths into a complex subject; it 
should smooth the way. The actual research must be left to the 
scientific investigator. Science can be advanced only by means 


•La 


Deutsche med. WocbeDschr. 1901. 
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of experimental analysis, and not by high-flown woni> of a mis¬ 
leading dialectic. 

(d) ‘'Cell immunity can be acquired without the m o: 

antibodies.” 

This statement, too, does not surprise nu*. All that the -.dr- 
chain theory aims to do is to explain how the production of a un¬ 
bodies may be conceived. But I have never yet claimed that th^ 
is the only means by which the organism can defend it-elf again-1 
deleterious influences. I would call attention particularly to the 
Sixth Communication on Haemolysins, 1 in which Nlorgenrori- uml I 
pointed out that not all substances capable of being aii duurd need 
necessarily excite the production of antibodies. We ha\e always 
emphasized, however, that immunity may be de\ eloped despite 
this, chiefly through a disappearance of receptors. 2 in our iselysin 
experiments we observed that the blood-cells became insusceptible 
and we demonstrated that this was due to a lack of receptors. The 
interesting fact observed hv Kossel and by Camus and Glev that 
during the course of immunization with eel blood, the blood-cdk 
of rabbits acquire a high resistance against that poison, is probably 
most easily explained by assuming that the cells acquired immunity 
in the way above mentioned. 

This, of course, does not exhaust the possibilities of the origin 
of immunity not due to antitoxins. Thus under the influence of 
the anchored poison new receptors may be formed which are m irmly 

united to the protoplasm that they are not thrust off. Such receptors 
Morgenroth and I have therefore termed “sessile receptors/' If 
the production of such an excess of receptors takes place in a rather 
indifferent tissue, as in connective tissue, it will readily be seen how 
the receptors can serve to deflect the poison, and produce & more 
or less marked immunity. In that case on comparing a normal 
animal with an immunized one, the conditions would be like those 
observed with tetanus poison in normal guinea-pip and normal 
rabbits, respectively. The studies of Donitz and Roux have shown 
that the guinea-pig possesses receptors for tetanus toxin only in 
the brain, whereas, rabbits, in addition to the receptors in the cen¬ 
tral nervous system, possess about thirty times as many such recep¬ 
tors outside this system. 


* See page 88. 

2 Solili»bet»cht«Bg@i in Notha&geTs Handbiek, Vol. Till. 
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Another possibility of cell immunity is that the protoplasm of 
cells which are ordinarily susceptible is no longer affected by cer¬ 
tain poisons. This kind of immunity, which to be sure I consider 
\erv rare, would correspond to mithridatism or acquired tolerance 
in the old sense. A fourth possibility, finally, is the adaptation of 
the phagocytic apparatus in MetchnikofPs sense. 

It is obvious, of course, that all the sevarious subordinate kinds 
of immunity occur alone as well as in manifold combinations. Thus, 
as already mentioned, immunization with eel blood is followed by 
antitoxin immunity and tissue immunity. In the lower animals, 
however, which as Metchnikoff has shown are but little adapted 
to the production of antitoxin, other defensive contrivances leading 
to cell immunity will predominate From this point of view there¬ 
fore the condition described by Gruber, namely, that frogs can be 
immunized against abrin without their showing any antitoxin, offers 
no difficulty. So far as the frog is concerned the only question is 
which kind of cell immunity is present, i.e., whether there is a dis¬ 
appearance of receptors, or whether there are sessile receptors, etc . 1 

In view of the detailed statements given above I presume I need 
add nothing to the following passage in Gruber’s conclusion: 

(e) “The production of antibodies takes place at entirely different 
localities than does toxic action.” 

The discerning reader will at once see that this statement does 
not in the least contradict my views. In fact it is merely another 
way of expressing what is really the nucleus of my theory. The 
generalization, however, is false, that the production of antibody 
necessarily takes place in localities different from those in which 
toxic action occurs. If Gruber therefore believes that this riddles 
my theory it is evident that he understands the principles under- 

1 Gruber cites, as a serious objection to my theory, that Madsen ohserved 
Immunity in a rabbit which had been immunized with diphtheria toxin, and 
yet was unable to find antitoxin in the blood. 1 will only say that Madsen 
did not find the blood entirely free from antitoxin since he tested the serum 
only to 1/10 I. E. Small quantities of antitoxin could be very well have been 
present and these, of coarse, would be of considerable importance for the ques¬ 
tion as to whether this was a case of entire absence of antitoxin. Besides 
this I may add that in diphtheria poison the ease reported by Madsen must 
be extremely rare. During the coarse of many years the different Serum 
Institutes have immunized thousands of different animals against diphtheria. 
In all this time, however, I have never learned of a case analogous to Madsen’s, 
either from the literature or from private sources. 
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lying my views no better than he did two years ago. At that time 
Paltauf 1 tried in vain to make this elementary consequence of the 
side'chain theory comprehensible to him. 

Gruber’s sixth conclusion is as follows: 

6. “ The specific antibodies are not normal body constituents. 
They are newly formed only after the introduction of foreign sub¬ 
stances. This new formation has the character of an internal secre¬ 
tion.” 

So far as the first point is concerned one cannot help being amazed 
at the lack of literary knowledge which permits an author to make 
such statements, I need only refer to the studies of Pfeiffer, Bordet, 
Flexner, Kraus, Bail, Peterssen, etc., or to the comprehensive resume 
by M. N eisser 2 * concerning the antibodies found in normal serum, 
The literature on normal antibodies of various kinds is very large, 
and yet has been entirely ignored by Gruber. Thus amboceptors 
against different bacteria (cholera, typhoid, anthrax), antiambo¬ 
ceptors, anticomplements, antitoxins, antiferments, etc., have been 
observed. I shall, however, mention merely a few points which 
may be of special interest. 

i. The very frequent occurrence of diphtheria antitoxin in horses 
(Meade, Roux, Bolton, Cobbett). In view of the high percentage 
of this occurrence, the attempts to ascribe this antitoxin in normal 
horse serum to a diphtheria running a latent course must he regarded 
as failures. Since this phenomenon has been observed in about 
30% of the horses, it is surely not reasonable to assume that an 
occurrence of diphtheria in horses should so frequently have entirely 
escaped the large number of excellent observers representing animal 
pathology. Such a frequency of the disease should, of course, also 
have manifested itself epidemiologically. The fact that in one single 
instance Cobbett observed a diphtheritic infection in a horse cer¬ 
tainly does not alter the circumstances. 

ii. I must mention the interesting observations made by v. Dun- 
gern 5 that normal rabbit serum contains an antibody against that 
substance in star-fish, eggs which is toxic for sea-urchin spermatozoa. 

I am sure that no one, just to please Gruber, will assume that there 
is any connection between rabbits and star-fish and their eggs 

in. Laveran has found that the blood of healthy human beings 

1 Wiener klm. Wochenschr. 1901, No. 49. 

2 Deutsche med. Wochenschr. 1900. 

* Zeitschr. f. allgemeine Physiologic, Vol. 1, 1901. 
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contains a substance which kills trypanosomes, whereas this is not 
present in the blood of other animals and cannot be produced m so 
large an amount even by immunization. This might be the reason 
why (aside from sleeping sickness of Central Africa) man is so refrac¬ 
tory toward trypanosome infection. 

But if such a wealth of facts is disregarded in statements con 
cerning “ our certain knowledge," it must be admitted that a scientific 
discussion is entirely out of the question, and had best be avoided 
m the future. 

Furthermore, so far as conceiving the production of antitoxin 
to be a secretion is concerned, I may say that this part of the paper 
is nothing but another way of stating what I have always held. 
Paltauf, 1 for instance, pointed this out to Gruber some years ago, 
“ In passing I may say that an ‘ escape , of particles of protoplasm 
into the blood really denotes a secretion.” In an address delivered 
in 1899 (!) I expressed myself in a way that shows that I have 
always considered the production of antitoxin to be a secretory 
process . 2 

“ Or, s’il y a lieu de croire que les Antitoxines doivent leur origine 
k une sorte de fonction s4cr6toire des cellules et ne sont par conse¬ 
quent nullement toangdres k l'organisme, le rapport specifique qui 
les unit avec leurs toxines n’en devient que plus strange." 

This point has been demonstrated especially by the researches 
of Salomonsen and Madsen, and of Roux and Vaillard. 

But just this secretory character of antibody production is abso¬ 
lutely at variance with the older view that antitoxins are merely 
transformation products of the toxins. This was the view defended 
by Buchner and held to be possible by Gruber even in his last attack. 
It is just as impossible to believe that antitoxins arise from toxins 
as it is to believe that lipase is transformed fat, or amylase, trans¬ 
formed starch. 

Thus we see that the various points brought up by Gruber are 
nothing but reproductions of my views; the little that deviates is 
incorrect or is based on misconceptions of an inflated knowledge 
of the literature. 

Grubers last two conclusions contain so little that is new that 
It hardly pays to discuss them. For completeness' sake, however* 
l shall append them. 1 

* Weiner klin. Wochenschr. 1901. No 40. 

*This appeared only as an abstract in La Semaine M4dicale, 1899. 
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7. "The power to excite the formation of antibodies is due to 
certain peculiarities in the chemical structure of the substance which 
excites this antibody production. A prerequisite for this produc¬ 
tion as well as for toxic action is the chemical union of the foreign 
substance with certain particular constituents of the cells/ ’ 

This, I may say, is a short, though not particularly good, resum£ 
of the side-chain theory. 

8. "The non-poisonous toxin-antitoxin combination also lacks 
the power to excite the production of antitoxin. The entire chemi¬ 
cal character of this combination is different from that of the uncom- 
bined substances.” 

This, too, is one of the fundamental principles of my theory, and 
is most readily explained by the assumption that the antitoxin fits 
into the same group which effects the union of the toxin with the 
susceptible cells. Furthermore, I really see no reason why Gruber 
should make a special point of the fact that the chemical character 
of the toxin-antitoxin combination has changed. That is merely 
a trick of speech which will make but little impression on the scientific 
reader. 

That the antitoxins are nothing but thrust-off receptors capable 
of uniting with the poison—this assumption, together with its 
immediate consequence that the toxin-antitoxin combination must 
be non-poisonous, is the key to my entire theory. We are, in 
fact, dealing with an extremely important law which Weigert 
and I compared to the principle of the lightning-rod and which 
y. Behring briefly expressed as follows: " The same substance in 
the living body which, when in the cell, is the prerequisite of a poison¬ 
ing, becomes the healing agent when it is present in the blood.” 
This law applies not only to the toxins but possesses general applic¬ 
ability. I may here refer the reader to Ransom's experiments, which 
show that the cholesterin in the red blood-cells causes haemolysis 
by saponin, while at the same -time the cholesterin of the serum 
causes an inhibition of this poisoning. 

Gruber, however, thinks that it has not been proved that the 
haptophore group, which anchors the toxin to the vital constituent 
of the protoplasm, is the same which anchors the toxin to the anti¬ 
toxin. A year and a half ago he expressed this quite clearly as 
follows: 1 

f * Ehrlich may have demonstrated that the toxin is bound to 


1 Wiener klin. Wochenschrift, 1901, No. 50. 
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the antitoxin "by a combining group which differs from the toxo- 
phore group. But where and how has he shown that the toxin in 
addition to its toxophore group possesses only one haptophore group, 
namely, the one which combines with the antitoxin? How has he 
shown that the same haptophore group acts in all chemical reac¬ 
tions of the toxin? On the contrary it can positively be stated that 
the toxin must necessarily he a very complex molecule possessing 
mamj different haptophore groups. Here, gentlemen, lies the root 
of the evil. All this misconception of the side-chain theory would 
have been impossible but for the mistake in the choice of an article ; 
he., if Ehrlich instead of speaking of the haptophore group had said 
a haptophore group/' 

So this is my great fault, the choice of an article! I may leave 
it for the reader to decide how weighty this objection is. Never¬ 
theless let us see what Gruber really means. 

Let us assume, for example, that a poison, in addition to the 
toxophore group, possesses two different groups with haptophore 
functions. One of these, group a, corresponds to what my theory 
demands, since it is able to combine with a receptor of the cell. As 
a result of this combination, however, there is to he not an over¬ 
production of a receptor fitted to but the production of a differ¬ 
ent substance, fitting the second haptophore group, b, of the toxin. 
It will at once be seen that this entire premise of Gruber is 
very artificial and unnatural. One can easily understand that the 
blocking of a given group can cause a new' development of the same 
group. This corresponds to Weigert's fundamental law of regenera¬ 
tion. But it is very difficult to comprehend how the blocking of 
one group, a, would always lead to the development of a different 
group, 6. Furthermore, it is incomprehensible why at least part 
of the poison by means of its haptophore group b should not be 
anchored by a combining substance preformed in the cell, a substance 
winch can therefore act as a receptor. If the toxin really possessed 
two haptophore groups, a and b, it would be possible and probable 
that two differen t antitoxins would be developed by the cell. But that 
is a question easily decided experimentally, and one which has been 
studied in this Institute for years. During all this time we have 
never discovered even the slightest reason for believing that diph- 
thma serum, obtained from different animals and by means of differ¬ 
ent cultures, possesses any such complex constitution as Gruber's 
view would require. 
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We see, therefore, that the first step taken with the aid of Gruber’s 
hypothesis leads us astray. But when we attempt to see how the 
antitoxin could act according to Gruber’s scheme, we find ourselves 
lost in a maze. The antibody secreted by the cell is to combine 
with a collateral group 6, of the toxin, leaving group a, which pri¬ 
marily effected the anchoring of the poison, intact. How then is 
any antitoxic effect to take place? One might perhaps assume that 
by the occupation of group b, the toxin loses its toxicity through 
some influence exerted on the toxophore group. The poison would 
thus in a certain sense be changed into a toxoid by the occupation 
of group b. In that case, however, the toxin with group b neutralized, 
should still be able to excite the production of antitoxin, just as toxoids 
do. As a matter of fact, this is not at all the case, for we know that 
toxin neutralized with antitoxin has completely lost both its toxic 
property and its power to produce antitoxin. This fact, which is 
absolutely irreconcilable with a plurality of the haptophore groups, 
is easily explained by my theory by a blocking of the haptophore 
group of the toxin. 

We see, therefore, that Gruber’s assumption leads to consequences 
which are absolutely untenable. It certainly is far from being an 
improvement on my theory. In general, also, the principles of 
scientific investigation demand that we restrict ourselves to the 
simplest explanations possible and only make use of more complex 
ones if it is absolutely necessary. But there is not the least reason 
for Gruber’s assumption of several haptophore groups; on the con¬ 
trary there are a large number of objections to it. 

By this I do not mean to say that in addition to the haptophore 
and toxophore group the toxin molecule contains no other chemical 
groups, such as ami do or aldehyde groups, which are able to com¬ 
bine with other bodies. I merely contend that these atomic groups 
do not influence the specific immunizing process. 

To take a chemical example, it is possible by diazotizing all kinds 
of amins to transform these into diazo combinations which, corre¬ 
sponding to the original substance employed, contain other radicals 
capable of reacting, thus COH, CN, OH, NO, etc. The specific prop¬ 
erty of these substances, that is, the property of forming azo dyes, 
is, however, connected exclusively with the N-N group. The reac¬ 
tions which the other groups can enter into have nothing to do with 
this specific reaction. I conceive the constitution of the toxins 
to be similar in character. 
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A few words, row, concerning the side-chain theory and immunity 
Gruber himself has found that this theory is constantly gaining 
ground, while I am gratified to see it treated in detail in the best 
text-books as well as in excellent digests compiled by a large num¬ 
ber of my colleagues. 1 In addition to this hundreds of separate 
studies ha Ye been based on the side-chain theory so that I may well 
believe that it best serves to explain the facts already observed as 
well as to allow new facts to be predicted. Gruber's appeal, 2 there¬ 
fore, that Ehrlich’s theory is a great mistake, and is bound soon to 
disappear from the scientific arena,” has had but little success; in 
fact it seems to have had the contrary effect. The large number 
of investigators, who are constantly eagerly working on the prob¬ 
lems of immunity know what is best for them, and will not be dictated 
to against their own experience and conviction by one who seeks 
to make up his own lack of experimental work in this complex domain, 
by superficial studies of the literature. Gruber, for instance, says 
that his original failure was due perhaps to • the fact il that a few 
of his experiments proved not to be quite sufficient.” This is a 
mild expression in view of the fact that every one of Gruber’s experi¬ 
ments directed against my views has been shown to he fallacious. 
The studies in which his errors were pointed out and demonstrated 
experimentally have all been published in detail. 3 The result, as 
usual, was, that after the corrections had been made, Gruber’s attacks 
proved to be additional supports for my theory. Gruber has not 
replied to these articles, despite the long time since their publication. 
Perhaps he thinks the less said the better. 

I have finished. I must almost wonder why this detailed reply 
to an attack whose virulence and unusual tone are almost a con¬ 
firmation of my views. But I have thought it my duty to guide the 
reader through the intricate maze of Gruber’s statements because I 
feel that, owing to the large number of misconceptions and mislead¬ 
ing arguments which they contain, a field of investigation full of 
promise might become discredited. 


1 1 may mention those of Aschoff, v. Dungern, Griinbaum, Levaditi, Sachs 
Tavel, Wassennann, Welch, Brack. 

* Wiener kiin. Wochensch. 1901, No. 44. 

s Sachs, Berl. Min. Wochensch. 1902, Nos. 0 and 10; Ehrlich und Sachs, 
an®© journal, 1902, No. 21; Morgenroth and Sachs, same journal, 1902, Nos. 
2? and S5; Marx, Zeitseh f. Hyg., Bd. 40, 1902; Wechsberg, Wiener klin. 
Wechenseh. 1902, Nos. 13 and 28. 



XXXIX. THE RELATIONS EXISTING BETWEEN TOXIN 
AND ANTITOXIN AND THE METHODS OF THEIR 
STUDY . 1 

BT 

Prof. Paul Ehrlich and Dr. Hans Sachs. 

The subject of toxins and antitoxins, although representing one 
of the best studied domains of biology, is still the subject of lively 
controversy. The difficulties which beset exact studies are obvious. 
We are dealing with substances which, for the present at least, are 
of unknown chemical constitution and which we are compelled to 
employ in the form presented by the life activities of vegetable or 
animal organisms, i.e., in an impure state and mixed with countless 
other products of the living body. All attempts to isolate these 
bodies and discover their chemical character encounter endless diffi¬ 
culties, so that, if we consider their great significance in practical medi¬ 
cine, it almost seems ironical for nature to offer these substances to 
man in such an unstable and variable form. In spite of this, however, 
scientific investigations have been able to obtain a deep insight into 
the nature and mode of action of toxins and antitoxins; and since 
chemical means could not be employed, it remained for the experi¬ 
mental biologist to undertake these studies. In place ot chemical 
analysis, therefore, we have the biological reaction, which in the case 
of toxins is the characteristic toxic action, in the case of antitoxins 
the property of specifically influencing or inhibiting this action. 

An event of considerable importance was the introduction of the 
quantitative method of study by Ehrlich, a method which opened 
the way for the present development of immunity studies. At the 
same time Ehrlich's introduction of test-tube experiments (hemag¬ 
glutination, haemolysis), by avoiding the individual fluctuations of 

1 Uber die Beziehungen zwischen Toxin und Antitoxin und die Wege ihrer 
Erforschung, Leipzig, 1905, Gustav Fock. 
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atiimal experiments, furnished a more exact basis, so that the mathe- 
matioal harmony of toxin-antitoxin experiments in vivo and in vitro 
became very convincing. A.t the present time, therefore, we may 
regard it as almost axiomatic that toxin and antitoxin act on each 
other chemically and without the intervention of vital forces. 

These quantitative biological studies, however, have not merely 
thrown light on the relations existing between toxin and antitoxin, 
but have also given us valuable information, concerning the constitu¬ 
tion of the poisons themselves. Almost at the outset it was found 
that the two properties of toxins which could be analyzed, namely, 
poisonous action and the property to bind antitoxin, do not at all 
go hand in hand. In this connection the continuous study of toxin 
solutions which are allowed to stand for some time proved particu¬ 
larly instructive, for it was found that while the power to bind anti¬ 
toxin remained constant, the toxicity gradually diminished. This 
study gave us one of the fundamental conceptions underlying the 
modern view of toxins, namely, that toxicity and combining power 
are two distinct and independent properties of the toxin molecule. 
As is well known, this fact is expressed by the side-chain theory by 
assuming that the toxin molecule possesses two specific atomic groups, 
one of which is toxophore, the other haptophore. Destruction or 
loss of the toxophore group gives rise to the non-toxic toxoids which 
are still capable of binding antitoxin. As a result of the high degree 
of lability of the toxophore group, this transformation into toxoid is 
a spontaneous process. And since the production of effective bacterial 
toxin solutions takes a certain time, it is obvious that we can practi¬ 
cally never obtain a pure toxin consisting entirely of similar molecules. 
All our work must be done with toxic solutions which, even if we 
assume that the bacteria have produced only a single primary toxin, 
represent a mixture of toxin and toxoid. 

But do the bacilli secrete only a single, homogeneous poison? 
This question has come more and more to be the subject of an ani¬ 
mated discussion. Closely associated with it is the further question 
as to the nature of the reaction which occurs when toxin and anti¬ 
toxin unite. The study of these problems was made possible by 
an important extension of quantitative toxin analysis, namely, 
Ehrlich's method of partial neutralization. This consists essentially 
in mixing a constant amount of poison with varying amounts of anti¬ 
toxin and then determining the toxicity of the various mixtures, 
I,n r the decrease in toxicity brought about by each successive addi- 



TOXIN AND ANTITOXIN: METHODS OF THEIR STUDY 549 


tion of antitoxin. By means of a graphic representation of the 
figures thus obtained, we can get a deeper insight into the details 
of the combining phenomena. Even now, after physical chemistry 
has taken such great interest in the reactions between toxin and 
antitoxin, all the various statements concerning the subject are 
finally based on the method of partial neutralization. 

From the outset Ehrlich felt sure that toxin and antitoxin could 
not be simple substances of strong affinities which combined, for 
instance, like caustic soda and hydrochloric acid. This was evi¬ 
denced particularly by the phenomenon which has often been termed 
the “inequality” of serum experiments. Thus if varying amounts 
of toxin are added to a constant amount of antitoxin (an immune 
unit), two distinct limits will be obtained: L 0 ( = Limit zero) is the 
quantity of toxin m which the mixture is just completely non-toxic, 
i.e., physiologically neutral. Lf ( = Limit death) is the quantity of 
toxin in which the mixture is still just able to exert all its character¬ 
istic toxin action, i.e., in the case of diphtheria poison to just kilt 
the guinea-pig acutely. Now if toxin and antitoxin behaved like 
caustic soda and hydrochloric acid, the difference between L^ and Lq, 
which we shall term D, should correspond to one lethal dose (L D ). 
As a matter of fact, however, D is usually considerably larger, so that 
our first inequality becomes Lf“L 0 >L. D. 

Hence only two possibilities exist. Either toxin and antitoxin 
react with one another like a weak base and a weak acid (e.g., am¬ 
monia and boric acid), in which case the high value of D is the expres¬ 
sion of an incomplete neutralization, or else the poison solution, 
besides the real toxin, contains a second substance of less affinity. 
This substance, while unable to produce the characteristic toxin 
effects, gives rise to certain mild toxic phenomena. In the case of 
diphtheria poison (owing to the practical importance of diphtheria 
antitoxin, the discussion has usually centered around this poison) 
human pathology had long taught that acute diphtheria infection 
is often followed by a second set of intoxication phenomena, namely, 
the peculiar paralyses which develop after the acute disease has dis¬ 
appeared. A priori, therefore, the assumption was highly probable 
that the high value of D was due to different components of the poison. 
And when the results of clinical experience and animal experiments 
harmonized so perfectly, the probability became almost a certainty. 
It has been found that the toxicity of mixtures whose toxin content 
lies between L 0 and L t is not quantitatively diminished, but is actually 
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different qualitatively. Guinea-pigs injected with such mixtures 
sicken, after a long period of incubation, with, typical paralyses and 
show T no local reaction. The hypothetical toxic constituent which 
gives rise to these paralyse sis termed “toxon.” 

Why then is it impossible to demonstrate the action of the toxon 
in native diphtheria poison? This is readily explained by the relative 
concentration of toxin and toxon in the toxic bouillon. Quantitative 
analysis has shown that the toxin is usually much more (about 5 times) 
concentrated than the toxon. Hence the fractional parts of the 
lethal dose which allow the animal to live long enough to manifest 
toxon effects usually contain too little toxon to produce the typical 
paralyses. If, however, a large amount of poison is so far neutralized 
with, serum that all the toxin, with the higher affinity, is just bound 
&nd the toxon is still free, a mixture will be obtained which practically 
represents a pure toxon solution, for the neutral toxin-antitoxin 
molecules play no r61e in an animal experiment. It is at once appar¬ 
ent that, in view of the individual multiplicity of vital phenomena, 
the poisons of all strains of diphtheria bacilli will not contain both 
components in the same relative concentration. As a matter of fact, 
we find that the number of lethal doses contained in the difference 
Lf - Lo varies enormously, and so far as the toxon content is con¬ 
cerned the variations were from 0 to 300% figured on the basis of 
the toxin content. It will be well to enter somewhat more into a 
study of these two extremes, for these striking exceptions to the typical 
conditions argue strongly in favor of the views here presented. One 
of the poisons in question was studied by Ehrlich, and was remarkable 
in that the difference Lf-Lo represented only 1.7 lethal doses. We 
may therefore assume that the poison was free from toxon or nearly 
so, for the value of D was actually quite near one lethal dose, the 
figure demanded of a toxon-free poison, provided toxin and anti¬ 
toxin combine like a strong base with a strong acid. The opposite 
extreme was manifested by a poison described by Dreyer and Madsen. 
The constants of this showed that it contained three times as much 
toxon as toxin. This poison, moreover, gave rise to toxon effects 
when subletha! dose • of the native poison, without serum addition, 
were injected into animals. In view of what we have said above, 
this is readily understood, the relative concentration of toxon in 
this case was so great that even sublethal doses sufficed to make the 
toxon effects manifest. In most native poisons this demonstration 
fails because of the slight relative content of toxon. 
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The existence of the toxons which has been deduced mathematic¬ 
ally from the biological experiments is, however, no longer based 
merely on these calculations. At the present time their existence 
is a proven, fact, for quite recently van Calcar succeeded in separately 
isolating toxin and toxon from the native poison solution by means 
of a ingenious dialyzing procedure. Owing to its smaller molecular 
volume, toxin diffuses through a suitable membrane under less ten¬ 
sion than toxon. In this way one obtains toxon-free toxin on one 
side and toxin-free toxon on the other. 

This direct confirmation of the conclusions drawn from the bio¬ 
logical analysis of the toxins shows how a mathematical study, pro¬ 
vided biological facts are carefully regarded, can get at the nature 
of the phenomena in question, despite the failure of chemical methods. 
To be sure the mathematical treatment of biological problems must 
be undertaken very carefully. The phenomena of animate nature 
are so manifold, and subject to so much change, that they cannot 
all be forced into the limits of a formula. It is particularly dangerous 
to build up formulas and laws on the basis of too simple assumptions. 
For them one can easily be deceived by the apparent exactness of 
figures, and arrive at conclusions which do not sufficiently regard the 
complexity of the actual phenomena. 

Unfortunately these warnings are much needed at the present 
time, for certain high authorities are striving energetically to explain 
the most complex phenomena, like those which occur in the union 
of toxin and antitoxin, as though they were simple and readily cal¬ 
culated reactions between simple substances. 

In opposition to the plurality of the poison constituents demon¬ 
strated by Ehrlich, Arrhenius and Madsen, as is well known, uphold 
a Unitarian standpoint. Their deductions are based entirely on 
the method of partial neutralization introduced into toxin study by 
Ehrlich and referred to above. Up to this point they differ only in 
the method of representing their results graphically. For this purpose 
they use a system of coordinates, laying off the amounts of antitoxin 
■contained in each mixture on the abscissas. But whereas in Ehrlich’s 
scheme the ordinates represent the amounts of toxin which each 
addition of antitoxin causes to disappear,Arrhenius and Madsen use 
the ordinates to represent the toxicity which each mixture still retains. 
In their work these authors observed that now and then in a num¬ 
ber of poisons, especially in tetanolysin, the line connecting the points 
plotted possessed a certain similarity to curves obtained when weak 
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bases are neutralized by weak acids (ammonia and boric acid). This 
similarity constitutes the basis for their mathematical wt, vhich 
leads them to conclude that toxin and antitoxin are simple substances 
whose reaction is reversible. This reaction finds its expression m 
the curve just mentioned. Let us examine their conclusions and 
see whether they are justified. 

The two graphic methods referred to are equally correct. Never¬ 
theless it cannot be denied that the one employed by Ehrlich, the 
so-called “poison spectrum,’ ’ has certain advantages, for it brings 
out more clearly any deviations from the regular curve. Speaking 
mathematically we say that the “ poison spectrum" is the graphic 
representation of the differential quotients of Arrhenius and Madsen’s 
curve. In this sense, the ordinates of the spectrum represent the 
direction of the neutralization curve, i.e., the trigonometric tangent 
of the angle which the tangent forms at every point with the 
axis of the abscissas. Hence, if the course of the neutralization 
curve is that of a straight line, the direction therefore being the same 
at all points, we must represent the poison spectrum as a rectangle. 
If, as is often the case, the addition of a small amount of antitoxin 
causes no decrease in toxicity (prototoxoids), so that the neutraliza¬ 
tion curve in this part of its course lies parallel to the axis of the 
abscissas, we must represent the poison spectrum as having a gap 
at this point, for the angle between tangent and axis of abscissas 
is 0°. This brief statement should make it clear that in the poison 
spectrum, by representing the direction of the separate parts of the 
curve as ordinates, deviations from the regular curve-like course 
will be more clearly shown. It may be well to study these conditions 
by means of a diphtheria poison investigated by Madsen. 1 See 
Pigs. 1 and 2. 

These figures show that the deviations from the hyperbolic curve 
demanded by Arrhenius and Madsen's views are much more clearly 
shown in the representation employed by Ehrlich. Entirely aside 
from the question whether the sharply defined zones of the poison 
spectrum actually exist, or whether a gradual transition must be inter¬ 
polated, it is certain that the changes should always occur in the same 
way; for they merely represent the differential quotients of the 
neutralization curve, and should therefore, if this curve were hyper¬ 
bolic, show a successive decrease. The manifestly very irregular 

1 Th® note object in employing this poison is to illustrate the two methods 
of graphic representation. 
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rise and fall of the differential quotients shows at once that a hyper¬ 
bolic curve is out of the question in the case pictured above. If 
we examine the poison spectrum, on the other hand, we find that this 
represents Madsen’s poison entirely in accord with Ehrlich’s views 
concerning the constitution of diphtheria poison. If toxin and anti¬ 
toxin unite firmly, and the course of the neutralization curve there¬ 
fore is a straight line, the irregular course is explained by the toxoid 
present in the poison and by the varying affinity of the poison con¬ 
stituents. The highest zone in the poison spectrum (zone c) indicates 
that at this point equal amounts of antitoxin cause the greatest 



Fig. 1.—Poison spectrum according to Ehrlich. 


decrease in toxicity. Hence this part of the poison must contain 
the least toxoids, or none at all, and we may therefore speak of this 
as pure toxin. It will serve as a unit for judging the degree of con¬ 
tamination with toxoid in the remaining portions. We should then 
speak of zone b as the hemitoxin, i.e., for each molecule of toxin 
there is one of toxoid. The sequence of the different zones corre¬ 
sponds to the different affinities of the components. Thus we see 
t hat the addition of a small amount of antitoxin (a) does not cause 
any decrease of toxicity whatever. And yet the antitoxin must 
have been bound. We conclude, therefore, that toxoids must here 
be present which possess a higher affinity than any other constituent 
of the poison. We are here dealing with the important prototoxoid 
zone which we encounter so frequently in diphtheria poison, abrin, 
ricin, erotin, etc. The hemitoxin zone which follows this is to be 
regarded as a deuterotoxin in its affinity. The constituents of the 
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poison can thus be arranged as proto-, deutero-,-, tritotoxin, etc., 

after which finally comes the constituent possessing the weakest 
affinity, namely, the toxon. That this yaried affinity does not arise 
when the toxoids are formed, but differentiates the undecomposed 
constituents of the poison from the outset, is demonstrated by 
the genesis of toxoid formation. Thus if one is in a position to 
study a very pure poison in its various stages of decomposition, it will 
be found that there is a first phase which leads to the formation of 
hemitoxin, and that a later phase changes this into prototoxoid. 
If there were a change in affinity, 
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a procedure, in order to possess any justification whatever, would 
have to be based on an enormous experience. But even aside from 
this it is amazing to see how a lot of experimental protocols, going 
hack to 1897, are unhesitatingly used for their calculations. The old 
determinations of the lethal dose, in which death produced acutely 
in 3 to 4 days was the criterion, are very difficult to make use of 
owing to the individual variations in the animals. Certainly it re¬ 
quires some experience to know which animals should be discarded 
because of over- or undersusceptibility. But how much more com¬ 
plex the conditions really are is at once apparent if one attempts to 
determine 4 or J of a lethal dose from the clinical course of the disease. 
Hence it is not surprising to find that the lethal doses calculated 
by Arrhenius and Madsen represent the averages of figures which 
often differ from each other by many times. The tedious work 
which these authors have undertaken may perhaps satisfy a mathe¬ 
matician; to the biologist, however, it can only represent useless 
and dangerous playing with figures. It signifies nothing, therefore, 
if the figures recently obtained by this method by Arrhenius and 
Madsen with three poisons fail to show any prototoxoid zone. 1 For 
the same reason, also, we cannot regard certain other figures, which 
differ markedly in observation and calculation, as arguments agaimt 
their views. 

However, we need neither confirmation nor controversion of 
their theory. For it has been found that the assumptions on which 
this theory is based have no existence whatever. We have already 
alluded to the fact that van Calcar has recently demonstrated the 
existence of toxons. But it has also been shown by another method 
that diphtheria poison, as well as most other toxins, must contain 
various constituents capable of binding the antitoxin. This method 
had its inception in the following considerations. 

Arrhenius and Madsen, as already stated, regard the union of toxin 
and antitoxin as a reversible reaction between two simple [einheitlich] 
substances. According to this view, therefore, the reaction is incom¬ 
plete, i.e., the two substances reacting (toxin and antitoxin) are 
never completely used up, a certain portion of both toxin and anti¬ 
toxin always remaining free beside the neutral toxin-antitoxin combi¬ 
nation . The equilibrium which exists between the three components 

1 We should not neglect to mention that the existence of the proto toxoid 
•zone and its development from the hemitoxin phase has also been demonstrated 
in diphtheria poison by so excellent a worker as Theobald Smith. 
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will then be governed by the law of mass action formulated by 
Guldberg-Waage, namely, (toxin). (antitoxin) = ft (toxin-antitoxin), in 
which the brackets denote the concentration, and k the constant of 
equilibrium to be determined for each poison. 1 All the calculations 
of Arrhenius and Madsen are based on this formula, and their entire 
work stands or falls with the applicability of the formula to the sub¬ 
ject of toxins. 

The formula, however, is only then applicable if the reaction 
is really completely reversible, and this is not the case. Thus if mix¬ 
tures containing the same amounts of toxin and antitoxin are tested 
at the end of the reaction, it is easy to convince one's self that the 
toxicity is dependent not only on the amounts of toxin and anti¬ 
toxin, but on the manner of making the mixtures. If to the same 
amount of antitoxin we add at intervals fractional parts of the toxin, 
we shall find that the resulting end product is considerably more toxic 
than if the same amount of toxin is mixed with the antitoxin at once. 
This holds true even if the toxin is added at the time corresponding 
to the addition of the last fraction in the former case. Yon Dungern 
was the first to point out the significance of this experiment, in con¬ 
nection with an observation made by Danysz, for the question of 
reversibility. He showed that if this really was a completely reversible 
reaction between simple substances, as is assumed by Arrhenius and 
Madsen, we should expect that the same equilibrium should always 
ensue with the same total amounts of reacting substances, i.e., the 
toxicity of the end products should always he the same. Any devia¬ 
tion from this could occur in the fractioning process only during the 
course of the reaction; and then, provided the deviation were a function 
of the reaction-time, this would be just the reverse of what is actually 
observed. 2 Hence all those poisons in which this phenomenon of 

1 In their recent publications Arrhenius and Madsen assume that one mole¬ 
cule toxin combines with one molecule antitoxin, not to form two molecules 
of the toxin-antitoxin combination, as the above formula would show, but that 
two different substances are formed, toxinan and titoxin. To be sure as the 
equation then reads, (toxin) (antitoxin) =k (toxinan) (titoxin), one objection 
to the above formula is done away with, but a new hypothesis, lacking all evi¬ 
dence whatever, is thus introduced merely for the sake of the formula. 

2 The phenomenon in question therefore shows exactly the reverse of what 
Arrhenius and Madsen’s theory demand. For this reason the limit of error 
need not be considered, although, owing to the enormous quantitative differences, 
it would play no r6le in judging the result. Nor can Arrhenius extricate him¬ 
self from the predicament by suggesting that we are dealing with slowly progress- 
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increasing toxicity on the fractional addition of toxin can be demon, 
strated must at once be excluded from any mathematical analysis 
based on a formula of equilibrium derived from the law of mass action. 
In all of the cases 1 examined for the purpose (diphtheria poison, 
tetanolysin, ricin, staphylolysin, arachnolysin, rennin, and precipitin), 
this method has shown that the conception of Arrhenius and Madsen, 
is entirely inapplicable. 

The phenomena observed, however, are very readily explained 
by the assumption of a plurality of combining groups in the poison 
solution. Thus if to an excess of antitoxin a small quantity of 
poison is added, as is done in the fractioning experiment, the result 
would be that even the constituents possessing a feeble affinity and 
which are of no consequence so far as any toxic action is concerned, 
would be bound by the antitoxin. When then the second portion 
of poison is added, it will be impossible for the toxin molecules, al¬ 
though possessing a higher affinity, to crowd the previously bound 
•constituents out of their combination with'the antitoxin. The result 
is that a certain portion of toxin, which would have been neutralized 
by the antitoxin if all the poison had been mixed with the antitoxin 
at once, now remains free. That is to say, the fractional method of 
adding the poison has resulted in an increased toxicity, the Lf dose 
being reached with a smaller amount of poison. Furthermore it is 
possible, by means of suitable technique, to cause a reduction of the 
L 0 dose, from which it follows that the Lo serum mixture contains 
free non-toxic constituents capable of binding antitoxin, and that 
these must possess still less affinity than the toxon. These are the 
so-called “epitoxonoids” of von Dungern. The discovery of the 
epitoxonoids also offers an easy explanation of the fact that it is 
possible to immunize with mixtures of toxin and antitoxin which are 
physiologically neutral. 

All this shows that a complete reversibility, even of the individual 

mg side reactions which do not interfere with the main reaction when one works 
rapidly. For, as was pointed out by von Dungern and Sachs, the increased 
toxicity is already demonstrable at a time when the union of toxin and antitoxin 
is not yet ended. The hypothetical “side re action’ 7 would therefore proceed 
just as quickly as the main neutralizing reaction. 

1 The single exception met with, namely cobra venom, only proves the rule; 
for cobra venom (we are dealing with the haemolytic portion which is activated 
by lecithin) is a simple substance with a strong affinity for the antitoxin, as can 
be seen from the course of the neutralization curve, which is a straight line. 
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poison constituents, is out of the question. On the contrary we must 
assume that the union of these substances with the antitoxin is subse¬ 
quently tightened. This tightening is also home out by other observa¬ 
tions, both old and recent. If the toxin-antitoxin reaction were 
reversible, it should be possible, by removing the supposedly free 
toxin residue, to constantly change the equilibrium, so that the toxin 
could all be recovered. Nevertheless, although toxin can be filtered 
through gelatine and antitoxin cannot, it is impossible either by 
gelatine filtration (Martin and Cherry) or by gelatine diffusion (van 
Calcar) to obtain free toxin from neutral toxin-antitoxin mixtures. 1 
In addition to this one cannot help being surprised that the calcula¬ 
tions of Arrhenius and Madsen entirely ignore the cells’ toxin-binding 
receptors which effect the poisoning. In accordance with their 
views, these receptors should represent an important element in the 
equilibrium; and yet they appear to have entirely overlooked this 
fact. 

It would lead us too far to discuss all the arguments against the 
views of Arrhenius and Madsen. It will suffice to call attention to 
the serious objections which Nemst has raised regarding the prin¬ 
ciples involved, and to Koppe's criticism of their technique in making 
haemolytic test-tube experiments. This illustrates the danger of a 
one-sided mathematical study of biological problems. Even if one 
succeeds now and then in making the figures of observations and cal¬ 
culation tally, it is impossible at the present time for these mathe¬ 
matical expressions to explain the facts. To be sure they may be 
able to represent the resultants of the processes which bring about 
the phenomena, but in that ease the formula is nothing more than 
an interpolation formula. Corresponding to this, therefore, we see 
that the formulas of Arrhenius and Madsen vary widely for the same 
poison, every new lot of poison of the same bacillary origin has a new 
constant of equilibrium. Henee the formula is applicable only to 
one particular ease, and so, even if it were a correct interpolation 
formula, progress of biological science would in no way be furthered 
by it. 


•It is perfectly evident that toxin can be obtained from fresh toxin-antitoxin 
mixtures by diffusion through gelatine, and this has recently been demonstrated 
by Madsen and Wslbaum. According to Morgenroth such mixtures require 
UWrt twmty-four hours for the union to become complete. Hence the state¬ 
ment by Madsen and Walbaum that the mixtures must he fresh in order to 
demonstrate what they regard as dissociation only confirms our view. 
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Biology does not content itself with a mere registration of phe¬ 
nomena; it seeks to discover their nature and their relation to one 
another. In fact the chief mission of biology is to attempt, by link¬ 
ing facts and theories and hypotheses, to satisfy the craving of the 
thinking naturalist for an insight into causes. 


The following is a summary of the literature bearing on this subject. 
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. THE MECHANISM OF THE ACTION OF 
ANTIAMBOCEPTORS . 1 

By Prof. Paul Ehrlich and Dr. H. Sachs. 

to closer investigations into the nature of immunity our 
s regarding the relation between antibody and the sub¬ 
citing the production of immunity (the antigen, as it is 
ve undergone a certain modification. This consists in a 
ise definition of the concept specificity. In the beginning 
umed that an antibody produced by immunization acted 
3t the substance through which it was developed. Further 
is, however, soon brought to light cases in which this 
pparently violated. A clear insight into this subject was 
ie possible when the receptor was looked upon as the 
3h excited the production of immunity. According to 
.ain theory, therefore, specificity of the antibodies always 
? specific relations between the individual types of antibodies 
otors.” 2 Since, therefore, the same receptor can be dis- 
't only among different kinds of cells, and bodies of differ- 
>ns all within the same animal species, but also among 
>ecies of animals, we see that it is impossible to speak of 
r in a zoological sense, or of a specificity in respect to the 
cal or functional properties of the antigens. The anti- 
cific only for the receptor, i.e., for those elements possess¬ 
ing receptor. 

various substances which excite the production of im¬ 
perial place is occupied by the receptors of the third order: 
1 free, constitute the amboceptors. As is well known, 
iptors possess a double function. On the one hand they 
the cytophile group of the cells, and on the other with the 

>rinted from Berliner klin. Wochenschrift, 1905, No. 19. 

Ehrlich and Morgenroth, Hsemolysins. See page 88. 
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complementophile group of the complement. Each of these two 
haptophore groups will therefore be able to excite the production 
of corresponding antibodies, a fact to which attention was called 

in the Croonian lecture, lfiOQ. 1 

u The lvsin, be it bacteriolysin or hscmolysin, possesses altogether 
three haptophore groups, of which two belong to the immune body 
and one to the complement. Each of these haptophore groups can 
be bound by an appropriate antigroup.' 7 Three ‘ antigroups 7 are thus 
conceivable, any one of which, by uniting with one of the haptophore 
groups of the lysln, can frustrate the action of the lysin. 7 ’ 

In other words, according to the amboceptor theory two different 
ant iambo cep tors are at once conceivable, either of which would 
inhibit the action of the amboceptor One would act by preventing 
the union of amboceptor and cell, the other by preventing the comple¬ 
ment from uniting with the amboceptor. Originally the antiambo¬ 
ceptors produced by immunization were regarded as being directed 
against the cytophile group. 2 In view of this it was extremely de¬ 
sirable for the support of the amboceptor theory that the existence 
of antibodies for the complementophile group should be demon¬ 
strated. This has recently been done by Bordet, 3 * and it is strange 
to see that he employs his discovery in combating the receptor theory 
when it really is a very neat confirmation of this. 

Bordet finds that antiamboceptors can be produced not only by 
immunization with haemolytic immune serum, but also with normal 
serum of the' same species, even though this normal serum contains 
no corresponding amboceptors. He treated guinea-pigs with normal 
rabbit serum which contains no haemolytic amboceptors for ox 
blood, and obtained an immune serum which yet was able to in¬ 
hibit the action of the amboceptors derived by immunizing with 
ox blood. That, certainly, is a discovery which cannot readily be ex¬ 
plained in harmony with Bordet 7 s sensitization theory. According 
to Bordet, as we tnow, these immune bodies (his “sensitizers’ 7 ) 
posse® the one property of combining with the susceptible cell 
and thus rendering this vulnerable to the action of the complement. 
This being the case it is incomprehensible how a serum which possesses 


1 P. Ehrlich, On Immunity, Proceedings Royal Society, 1900. 

2 Ehrlich and Morgenroth, VI. Communication, page 8$. 

1 J. Bordet, Les propri4t4s des antisensibilatrices et les theories chimiques 

da PimmunitA. Anaai. de ITnstit. Pasteur, 1904, No. 10. 
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no sensitizers whatever for the species of cell in question can 
yet excite the production of antibodies directed against them. 
The matter takes on an entirely different aspect if we regard this 
phenomenon from the standpoint of the amboceptor theory. Ac¬ 
cording to what has been said above we at once see that tw 7 o func¬ 
tionally different types of antiamboceptors are possible. In Bordet's 
case the normal rabbit serum possessed no amboceptors (i.e., no cyto- 
phile groups) for ox blood; therefore the antibodies which are de¬ 
veloped cannot be antiamboceptors directed against the cytophile 
groups. Hence by exclusion one will already pronounce them anti- 
amboceptors of the complementophile group . The facts brought for¬ 
ward by Bordet all go to confirm this. 

If such antiamboceptors are to be produced, the only requisite 
is that the serum used for immunization must contain the corre¬ 
sponding complementophile groups. Is this the case in normal 
rabbit serum? Every normal rabbit serum, as Bordet admits, con¬ 
tains a large number of different amboceptors. If, by immunizing' 
with a given species of cell, a new specific amboceptor develops in 
the serum, the new element in the receptor apparatus is really only the 
cytophile group, which is produced in response to immunization. The 
complementophile apparatus need not suffer the least change quali¬ 
tatively; in fact according to our conception it usually does not 
change markedly, there is merely an increase in the complemento¬ 
phile groups corresponding to the formation of the additional immune 
body. We have already expressed this opinion in a previous paper. 1 
“In my judgment we shall arrive at a correct conception if w T e pro¬ 
ceed from the standpoint that in general the specific amboceptors 
exhibit a uniform structure so far as their complementophile portion 
is concerned, while their cytophile groups, which physiologically 
are concerned w T ith the absorption of food, differ most widely.” 

It must not be thought that this uniform constitution of the com¬ 
plementophile portion 2 contradicts the assumption of a multiplicity 

1 P. Ehrlich, Betrachtungen iiber den Mechanismus der Amboceptorwirkung 
und seine teleologische Bedeutung. Koch Festschrift, Jena, 1903. 

2 For the present we cannot say whether the complementophile complex 
is really uniform throughout or whether, perhaps, certain partial groups do 
not differ in the individual amboceptor types of the same animal species. Such 
a condition is easily conceivable. In any event we must assume that the com¬ 
plementophile apparatus of the amboceptors of a given species is identical 
at least in some essential part of its haptophore functions, and that this char¬ 
acterizes it as coming from the animal species in question. 
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of complements. Naturally the different complements must have 
different complementophile groups corresponding to them. But, as 
was stated in the Sixth Communication on Haemolysins, 1 an immune 
body, in addition to a particular cytophile group, contains two, three, 
or more complementophile groups. In a later paper Ehrlich and 
Marshall offered experimental evidence for just this point; besides 
this, Bordet’s experiments, according to which an amboceptor after 
having combined with cellular elements is able almost completely 
to rob a serum of its complement, also support this view. 2 

We must therefore conceive the amboceptor to be structurally 
a polyceptor, and assume further that the amboceptors of a distinct 
species are all supplied with a large number of complementophile 
groups which vary considerably in detail but in their entirety repre¬ 
sent a uniform complex. This complex is reproduced in all the 
amboceptors of the same serum. In general the amboceptors are 
different and specific only so far as the cytophile group is concerned. 

This being so it will at once be clear that antiamboceptors directed 
against the complementophile groups, and obtained through immuni¬ 
zation with any particular amboceptor, will act against all ambocep¬ 
tors of the same animal species no matter whether these ambo¬ 
ceptors are normally present in the serum or have been produced 
by immunization. For the complementophile amboceptor apparatus 
is the same for all types of amboceptors of the same species. As a 
result of this, an immune serum obtained through immunization 
with normal serum contains, thanks to the normal amboceptors in 
the serum, anti amboceptors directed against the artificially produced 
amboceptors of the same species. This explains also the earlier 
observations made by Pfeiffer and Friedberger 3 that antiamboceptors 
obtained by immunizing with cholera serum act also against typhoid 
serum; 4 it also explains the recent experiments made by Bordet. We 

1 Ehrlich and Morgenroth. See page 88. 

2 P. Ehrlich and H. T. Marshall, Uber die complementophilen Gruppen 
der Amboceptoren. Berl. klin. Wochenschr. 1902, No. 25. 

2 R. Pfeiffer and E. Friedberger, Weitere Beitrage zur Frage der Antisera 
und deren Beziehungen zu den bacteriolytischen Amboceptoren. Centralblatt 
f. Bacteriol. 1904, Yol. 37; also 1903, Vol. 34. 

* Naturally the statement made by Ehrlich and Morgenroth (Berl klin 
Wochenschr. 1901, No. 21) that “it seems improbable, unless in a given cum 
a fortunate coincidence intervenes, that anti-immune bodies will be obtained 
directed against the bactericidal immune bodies’’ cannot apply to the antiambo¬ 
ceptors directed against the complementophile groups. That statement applies 
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must call particular attention to the fact that the chief point in 
Bordet's study, the non-specificity of the antiamboceptors so far as 
the cytophile group is concerned, had already been published by 
Pfeiffer and Friedberger. These authors have explained the fact 
entirely in accordance with our views, as follows: 

u We are inclined to believe that the various immune bodies of 
one and the same animal species possess one group in common which 
in a way stamps them as coming from that particular animal organism. 
The antiserum must possess certain relations to this group." To 
this we would add that for the present it seems simplest to class this 
group or groups, specific for the animal species, with the complemento- 
phile group. In the amboceptor we differentiate a specific cytophile 
group and a large apparatus made up of complementophile groups. 
Aside from the property of anchoring the cells, the latter groups 
exercise all the remaining functions of the amboceptor. Considering 
that the normal amboceptors and those produced by immunization 
are essentially similar (a point which we have always emphasized), 
it is perfectly obvious that one can produce the same antiamboceptors 
by immunizing with normal amboceptors. Hence what Bordet's 
study really brings forward is the actual experimental demonstration 
of what we had long expected was the case. 

Naturally we were able to confirm all of Bordet's statements of 
fact. We had at our disposal the serum of a goat which had been 
immunized with normal rabbit serum, and could easily convince 
ourselves that this serum acts as an antiamboceptor against ambo¬ 
ceptors derived from rabbits by specifically .immunizing with ox 
blood. Furthermore, we succeeded, by adding the antiamboceptor 
to previously sensitized blood-cells, to protect these against haemolysis 
by complement. The anti amboceptor acts just like a complementoid 
according to the conception of “complementoid-bloeking" described 
by one of us some time ago . 1 It occupies the complementophile 
groups and so prevents the anchoring of the complement . 2 

only to the antibodies directed against the cytophile groups, since it is to be 
assumed that these cytophile groups, which have their natural counter-groups 
in bacterial cells, will not have these in the cells of higher animals. This limi¬ 
tation, however, does not apply to the antiamboceptors acting on the comple¬ 
mentophile complex. This, then, disposes of Bordet's objections to this point. 

1 Ehrlich and Sachs, “Uber den Mechanismus der Amboceptorenwirkimg. 
Berl. klin. Wochenschrift, No. 21, 1902. 

2 We must not fail to mention that, in contrast to Bordet, we made these experi¬ 
ments without the addition of inactive guinea-pig serum, and were able, despite 
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We were also able to readily confirm Bordet’s statement that the 
antiamboceptor action is easily inhibited by normal rabbit serum, 
Naturally the normal amboceptors, whose complementophile groups 
excited the production of the antiamboeeptor, will combine with 
this antiamboceptor and so be able to deflect it from the amboceptor 
acting in the given case. Since we regard the antiamboceptor in 
the sense of a complementoid, this phenomenon corresponds in prim 
ciple to that described by Neisser and Wechsberg as deflection of 
complement . 1 

The entire complex of phenomena just discussed shows most 
strikingly that our assumption harmonizes best with the observed 
facts. We assume that in Bordet’s antiamboceptors we are dealing 
with antibodies directed against the complementophile groups. The 
existence of such antiamboceptors again demonstrates that the 
amboceptor theory is correct. According to Bordet’s sensitization 
theory only such antiamboceptors are conceivable which prevent 
the amboceptor’s union with the cell. But if there are other kinds 
of antiamboceptors, as the findings just discussed show', we must 
assume that the amboceptor has other affinities besides those for the 
cell, and this leads us at once to the conception which we have 
defined under the name amboceptor. The sensitization theory must 
therefore be abandoned. 

The next question which arises is whether or not it is possible 
by means of immunization with amboceptors to produce antiambo- 

this, to effect an inhibition of haemolysis by subsequently adding antiambo¬ 
ceptor. It seems to us that this simplified procedure is more convincing, for 
it will hardly be claimed that the guinea-pig serum is a better suspending medium 
than physiological salt solution, and that it therefore, in contrast to the latter, 
leaves the blood-cells intact. Furthermore, inactive guinea-pig serum itself 
inhibits the haemolysis of ox blood by amboceptor and complement (guinea- 
pig). Hence when guinea-pig serum is present the question whether the ab¬ 
sence of haemolysis is due to an antiamboceptor or not is left undecided. 

1 In contrast to Bordet, however, we were unable by means of normal ambo¬ 
ceptor to effect the subsequent breaking of the union between antiamboceptor 
and sensitized blood-cells. It may be that in our case the union between anti¬ 
amboceptor and sensitized cells so rapidly became firm that it could no longer 
be dissolved by the normal amboceptor. Even Bordet admits that this dis¬ 
solution can be effected only for a certain period, and that then the union 
becomes very firm. We are pleased to note that Bordet accepts this conception 
of a gradual tightening of the union of these substances, a conception of the 
highest importance in the study of immunity reactions. 
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ceptors also against the cytophile group. We have therefore ex¬ 
amined another antiamboceptor serum, and compared its properties 
with those of the antiserum made by injections of normal rabbit 
serum. This serum, like the latter, was also obtained from a goat, 
but instead of using normal rabbit serum for immunization the goat 
had been treated with the serum of a rabbit previously immunized 
with ox- blood. Our experiments, however, did not permit of a 
decision on this point. We are unable to say whether among the 
antiamboceptors excited by the injections of the immune serum there 
w r ere any directed against the cytophile group. It is entirely con¬ 
ceivable that, despite the presence of the cytophile group, these are 
unable to exert any immunizing power, since the complementophile 
groups invariably encounter the corresponding counter-group in the 
organism and so are the only ones bound to the tissue receptors. In 
that case previous to injection one would attempt to destroy the 
complementophile group ( = cytophilic amboceptoids) or to neutralize 
it by means of a suitable antibody. The decision of this question 
must be left to further detailed investigations. 

In the course of our experiments we met with a very curious phe¬ 
nomenon, one not only of some practical significance, but also of 
considerable theoretical interest. Our experiment showed exactly 
the opposite behavior which Bordet had found. That is to say, where 
Bordet found that the antiserum acts as an antiamboceptor on the 
amboceptor anchored to the cell, and that this action is overcome 
by normal rabbit serum, one of our cases represents the reverse of 
this. We see, therefore, that it can happen that the antiamboceptor 
as such does not act, but requires the addition of normal rabbit serum 
before exerting its action. We have constantly observed that in a 
“curative” experiment, i.e., after a previous binding of amboceptor 
and cell, large amounts of the antiserum produced by means of im¬ 
mune serum were unable to prevent haemolysis. The following proto¬ 
col may serve as an example: 

To each of a series of test-tubes, containing decreasing amounts 
of the antiserum, 1 cc. of ox blood was added. This blood, after 
having previously been sensitized with 0.003 cc. ( = 1$ amboceptor 
units) of an amboceptor obtained from a rabbit by immunization 
with ox blood, was freed from serum constituents by centrifuging 
and then used in the test. After digesting the mixtures for half an 
hour the blood-cells were centrifuged off and the sediments, to 
which 0.1 cc. guinea-pig serum was added as complement, were 
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suspended in salt solution. The result of the experiment is shown 
in the following table: 


TABLE I. 


Amount of the Antiserum 
(derived from a goat by 
treatment with an am¬ 
boceptor, the result of 
immunizing a rabbit 
with ox blood) 
cc. 

Amount of Haemolysis. 

0.1 

complete 

0.05 

well-marked 

0.025 

moderate 

0.015 

little 

0.01 

0 

0.005 

faint trace 

0.0025 

very little 

0.0015 

moderate 

0.001 

almost complete 

0.0005 

complete 

0.00025 

complete 

0 

complete 


Here we see the curious result that with a certain excess of the 
antiserum there is no inhibition of haemolysis. This paradoxical 
phenomenon we observed only with the antiserum produced by 
immune serum injections, and then only in the “curative” experi¬ 
ment. If the antiserum was used for “protective” experiments, 
i.e., mixed with amboceptor previous to adding the blood-cells, or 
if the antiserum produced by injections of normal serum was employed, 
the course of the experiment was entirely uniform, an increase in the 
amount of antiserum causing an increase in the antilytic action. 
For the present we are unable to say whether we are here dealing 
with an essential difference between the antiserum produced by 
normal serum and that produced by immune serum, or whether we 
have to do with an individual fluctuation. So far as the mechanism 
of the phenomenon is concerned we were able to clear up at least 
one point, namely, that the essential factor in the experiment is the 
presence or absence of the very small quantities of normal rabbit 
serum which contains the amboceptor. Thus if the blood-cells are 
sensitized with amboceptor without subsequently removing the serum 
by centrifuging, it will be found that the course of the “curative” 
experiment is perfectly regular. There is no inhibition of the antilytic 
action with an excess of antiserum. The same holds true if we sepa- 
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rate the sensitized blood-cells by centrifuge and replace the serum 
fluid with the corresponding amount of normal serum (in our cases- 
0.003 cc.). The active substance contained in normal serum is 
thermostable at 56° C., but is destroyed by heating for half an hour 
to 100° C. The following experiment may serve as an illustration: 

The blood-cells which have been sensitized with 0.003 cc. serum 
and then separated by centrifuge are treated with a considerable 
excess (0.5 cc.) of the antiserum. This amount corresponds to that 
quantity which by itself is just able to overcome the antilytic action. 
To this mixture are added decreasing amounts of normal rabbit serum 
which has been heated to 56° C. and to 100° C. After allowing the 
mixture to stand for half an hour the blood-cells are centrifuged 
off and suspended in salt solution to which 0.1 cc. guinea-pig serum 
(complement) is added. 

The result is shown in the following table: 

TABLE II. 


1 cc. 5% Ox Blood (sensitized with 0.003 cc.)4-0.5 cc. 
Antiserum-(-Normal Rabbit Serum. 


Amount of Normal Rabbit 
Serum. 


Heated to 56° C- 
Amount of Haemolysis. 


0.005 

0.003 

0.0015 

0.001 

0.0005 

0 


0 

0 

little 

moderate 

complete 

complete 


6 . 

Heated to 100° C. 
Amount of Haemolysis. 


complete 


This shows us what a tremendous effect the presence or absence 
of a small amount of normal serum can exercise. This of course 
at once explains the difference which manifests itself between the 
“ curative” and the “protective” experiments. In the latter, it will 
be recalled, the amboceptor and antiamboceptor are first mixed. 
All of the normal serum constituents, therefore, come into action; 
whereas in the “curative” experiment these are removed when the 
blood-cells are centrifuged. 

How are we to conceive the mechanism of this action? Phe¬ 
nomena in which an excess of a certain substance produces a 
change in the character of the reaction are frequently due to the 
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presence of other substances with different properties. In the case 
described above there is an absence of antilytic action with a certain 
excess of the antiserum. If we look at the subject from this stand¬ 
point, w r e shall have to assume that the antiserum contains two sub¬ 
stances, 1 one of which, of course, is the effective antiamboceptor. 
The other substance would then be the cause of the inhibition of 
the antiamboceptor action. Furthermore, since this inhibition is 
only brought about by large quantities of the serum, this substance 
would be present in the serum in much smaller amounts than the 
former. The simplest explanation of the action of this substance 
seems to be somewhat as follows: We must assume that this sub¬ 
stance’s point of attachment is a complementophilic auxiliary group 
in the amboceptor. The occupation of this group so affects the 
amboceptor molecule that the simultaneous presence of antiambo¬ 
ceptor no longer prevents the combination with complement. Such 
a behavior would be analogous to an observation published by Ehr¬ 
lich and Marshall. 2 At that time, by means of a differentiating 
method made available for one particular instance 3 by Marshall 
and Morgenroth, it was shown that the amboceptor anchored to 
the cell, although it could deprive native guinea-pig serum of all its 
complement functions, was unable to absorb the non-dominant 
complements if the dominant complement had first been neutralized 
by the partial anticomplements of Marshall and Morgenroth. In 
other words, an anchoring of the non-dominant complements was 
only possible after the corresponding complementophile group 
of the amboceptor had combined with the dominant complement. 
In our case we would be dealing with an influence entirely similar 
in principle, except that here the influence is reversed, i.e., the affinity 
of the amboceptor to the antiamboceptor is reduced by the occupa¬ 
tion of the auxiliary group. We believe that we can show directly 
that the antiamboceptor is bound in either case, but that where the 
auxiliary group is oc cupied, the union of amboceptor and antiambo- 

' We can of course assume a priori that an antiamboceptor serum directed 
against the complementophile groups will possess a multiplicity of partial 
antiamboceptors, for the amboceptors which take part in the immunization 
possess a large number of different complementophile groups, and against 
each of these a particular antibody is conceivable. 

2 Ehrlich and Marshall, 1. c. 

H. T. Marshall and J. Morgenroth, fiber Dififerenzierung von Cornple- 
•menten durch ein Partialanticomplement. Centralblatt f. Bact. 1902, Vol. 31, 
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ceptor remains a loose one, while in the other case it becomes firm. 
The following diagram may help to make this clear. See Fig. 1. 

We shall designate the two complementophile groups of the ambo¬ 
ceptor as a and /?; the effective antiamboceptor corresponding to 
group a is a , the antibody fitting group /? is b. In small quan¬ 
tities of antiserum, b can practically be disregarded owing to its 
slight concentration; a therefore by occupying a prevents the comple¬ 
ment uniting with the amboceptor. In larger quantities of anti¬ 
serum, however, b comes into play, so that the occupation of group /? 




Fig 1 . — a and /?: Complementophile groups of the amboceptor, a and b are 


Partial Substances of the Antiserum, a is the effective Antiamboceptor; 
b is the antibody which inhibits the action of the antiamboceptor, c is the 


Complement. 


changes the reactive capacity of group a in such a way that either a 
is not bound at all while the corresponding complement is, or so 
that, wh.le a may still be bound, the union is such a loose one that 
the complement still has access. We shall see that the latter pos¬ 
sibility is the more probable. First, however, it will be necessary 
for us to understand clearly the manner in which normal rabbit 
serum overcomes the influence of the antiserum constituent b. In 
view of what has been said this will not be difficult, for it is but a 
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natural consequence for us to assume that normal rabbit serum con¬ 
tains the corresponding counter-group /? in such high concentration 
that even small amounts are able to neutralize b and so prevent its 
union with the amboceptor anchored by the cell. See Fig. 2. 

Coming now to the question whether, after group ft is occupied, 
group a no longer reacts with a, or whether, while the reaction takes 
place, the union remains a very loose one, we decided this according 
to the following considerations. If the latter assumption were cor¬ 
rect, it would follow that the loose union should subsequently become 



Fig. 2. fi: Complementophile group of an amboceptor of normal serum. 

Otherwise as in Fig. 1. 

firm if in some way group b could again be freed from its combination 
with £ In that case, evidently, the “curative” action of the anti¬ 
amboceptor a should become manifest. If, on the contrary, a has not 
been bound at all, this “curative” action should fail to appear on 
the removal of b. 

Owing to the presence of group 0 in small amounts in normal 
rabbit serum the possibility is given of abstracting the antigroup b 
already bound to the sensitized cell. We have at once taken advan¬ 
tage of this fact, and attacked the question experimentally as follows: 

Sensitized blood-cells are digested with an excess of the antiserum 
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(0.25 cc.). After centrifuging, decreasing amounts of inactivated 
normal rabbit serum are added to the sediments, and the mixtures 
again centrifuged. The blood-cells thus separated are suspended 
in 0.1 cq. salt solution containing 0.1 cc. guinea-pig serum. The result 
is shown in the following table: 


TABLE III. 



This table, therefore, shows that sensitized blood-cells which have 
been treated with an excess of antiamboceptor and then freed from 
all free serum constituents by centrifuging can be deprived of a con¬ 
siderable portion 1 of the antiserum constituent b by subsequently 
digesting them with small amounts of normal rabbit serum, thus 
again allowing the antiamboceptor action to become manifest. It 
is permissible, therefore, to assume that the antiamboceptor a had 
been bound and that the union had remained a loose one owing to 
the occupation of group /?, Owing to the looseness of the union a 
and a the complement was not prevented from combining with the 
amboceptor. 

We have gone into the analysis of this case with such detail because 
it again shows how complicated is the mechanism of amboceptors 
and yet how easy it is by means of the amboceptor theory to bring 
these apparently paradoxical phenomena into harmony. In this case 
we are certainly dealing with extraordinarily complex conditions, 
conditions in which Bordet's rudimentary sensitization theory is 
entirely helpless. 

The phenomenon just described possesses a certain practical 
significance in so far*as it could easily lead to the erroneous assump- 

1 It is likely that the reason why the inhibiting action cannot be entirely 
brought out by this means is that the union of b, once it is bound, rapidly be¬ 
comes firm, thus permitting only a partial dissolution by means of free /?. In 
any event this experiment clearly exhibits, as already stated, exactly the re¬ 
verse behavior of that shown by Bordet’s. 
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tion that the antiamboceptor acts only in “protective” experiments, 
but is unable to act on amboceptor already anchored by the blood- 
cells. In order to orientate ourselves concerning this last question, we 
would of course begin by using an excess of antiamboceptor, expecting 
very naturally, if the antiamboceptor exerts any influence whatever 
on the anchored amboceptor, that this influence will most likely 
become manifest with large amounts of antiamboceptor. Further¬ 
more, it can then happen that the conditions obtaining are those of 
the zone in which the curative action obtained with smaller doses 
is concealed, owing to the excess of anti amboceptor. This may 
perhaps account for Morgenroth's negative findings; 1 the antiambo¬ 
ceptor serum employed by us was also used by that author. 

The demonstration of the fact that the antiamboceptors pro¬ 
duced by immunization are usually directed against the complemento- 
phile groups calls for a correction of certain deductions based on 
our earlier conception of antiamboceptors as being directed against 
the cytophile group. We must therefore concede that Iiordet is 
correct w y hen he refuses to accept our method of differentiating partial 
amboceptors by means of antiamboceptors, a method which we pub¬ 
lished in the Sixth Communication on Hemolysins. 2 Our experi¬ 
ments at that time dealt with an amboceptor of an immune serum 
derived from a rabbit by treatment with ox blood. This amboceptor 
could be complemented either with guinea-pig serum or goat serum. In 
complementing with goat serum so much more amboceptor is necessary 
that the absence of the antiamboceptors' action must be ascribed to 
the antiantilytic action of the normal amboceptors present. But 
this correction does not signify that the conclusion as to the plurality 
of the amboceptors must be abandoned. On the contrary this con¬ 
clusion is confirmed by so many weighty arguments of a different kind 
that the existence of partial amboceptors must now be classed as one of 
the facts in immunity. We need only call attention to a point con¬ 
tained in our Sixth Communication, namely, that by mutual elective 
absorption we have shown that immunization of animals with ox 
blood results in the formation of two fractions of amboceptors, one 
of whfth acts only on ox blood, the other also ©n goat blood; and 
that immunization with goat blood has exactly analogous reverse 


1 J. Morgenroth, Deflection of Complement by Means of Haemolytic Ambo¬ 
ceptors. Centralblatt Bact. 1904, Vol. 35, No. 4. 

2 Ehrlich and Morgenroth. See page 88. 




MECHANISM OF THE ACTION OF ANTI AMBOCEPTORS. 575 


results. The plurality of amboceptors is further demonstrated by 
the results of the isolysin experiments published by Ehrlich and 
Morgenroth, 1 for in these experiments the presence of antibodies 
acting against the complementophile group of the amboceptor can 
be excluded. The fact that we have drawn an incorrect conclusion 
from one single experiment certainly does not justify Bordet in deny¬ 
ing the existence of a plurality of antibodies (especially amboceptors) 
in a given immune serum; the correctness of our view is established 
by a number of incontestable experiments. 

Bordet’s arguments concerning deflection of complement by an 
excess of amboceptor may be answered in the same manner. Even 
granted that Morgenroth’s view 2 is incorrect, namely, that the inhibi¬ 
tion of haemolysis on the addition of an amboceptor-antiamboceptor 
mixture is due to a deflection of complement, this would not in the 
least refute the results obtained by Neisser and Wechsberg with 
bactericidal sera. In these experiments absolutely no antiambo¬ 
ceptor is present; there are merely bacteria, amboceptor, and comple¬ 
ment. Despite this, however, there is no bactericidal action when a 
certain excess of amboceptor is present. The only explanation for 
this is the one offered by Neisser and Wechsberg, 3 namely, that the 
complement is deflected from the amboceptor combined with the 
cells by the free amboceptor. This explanation has also been accepted 
by Lipstein, 4 who controverted a number of objections which had 
been made by various authors. Bordet does not even attempt to 
controvert our explanation, but contents himself by saying: “Pour 
nous, la thgorie de la deviation du complement par Pambocepteur 
est une 16gende.” Needless to say this will have little effect on our 
view. 

It is thus seen that Bordet’s recent experiments have furnished 
additional important confirmation of the amboceptor theory. Analysis 
of the antiamboceptor action clearly demonstrates the fact that the 
amboceptor possesses other affinities besides those of the eytophile 
group; and the circumstance that the occupation of these groups 
bars the action of the complement shows that they are complemento¬ 
phile In character. Bordet’s attack on the receptor theory has thus 

1 Ehrlich and Morgenroth, Third Communication. See page 23. 

2 J. Morgenroth, 1. c. 

8 M. Neisser and Wechsberg. See page 120. 

4 A. Lipstein, Centralblatt fur Bacteriologie, 1902, Vol. 31, No. 10; see also 
page 132 of this volume. 
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failed utterly; his experiments, on the contrary, are to be welcomed 
as supplementing the arguments supporting the amboceptor theory. 1 

1 The mistake contained in our previous conception of antiamboceptors, 
that they were antibodies directed against the cytophile group, is essentially 
one regarding the situation of the point of attack. In this connection we may 
look upon certain chemical substitutions as furnishing ready comparison; for 
example, the different substances resulting when the benzole nucleus is substi¬ 
tuted in the ortho, meta, or para positions. Considering how difficult these 
problems are, it is not surprising that a statement concerning localization will 
now and then be made which subsequent deeper study shows must be corrected. 
Even so high an authority as Kekul6 once erred in defining a compound, and 
yet this did not in the least affect his fruitful hypothesis. In our case after the 
way had been cleared by the demonstration of the “blocking of complements” 
(the nature of which corresponds to an antiamboceptor action), and by the 
studies of Pfeiffer and Friedberger, it was an easy matter to arrive at a correct 
interpretation and transfer the site of the antiambocepter's action to the comple- 
mentophile group. It is at once clear that this merely fulfills an old postulate 
of the side-chain theory. It would therefore be interesting to see how Bordet 
could explain the facts according to his sensitization theory, and to have him 
show how the sensitizers, which he believes do not combine with the comple¬ 
ment, excite the production of substances whose constitution is just what would 
be demanded of immunization products of “complementophile groups.” 



XLI. A GENERAL REVIEW OF THE RECENT WORK 

IN IMMUNITY . 1 

By Paul Ehrlich. 

Two years have elapsed since the appearance of my “Collected 
Studies in Immunity 7 ’ in Germany, and now that the book is about 
to appear on the other side of the ocean it is a pleasure for me to 
review briefly the progress made in that time, naturally without 
pretending to give a complete resume of the literature. 

I may at once say, however, that very little really new has been 
added to the views formulated by myself and my collaborators, and 
that the stereochemical conception of the immunity reaction, despite 
numerous attacks, has proven itself able to dominate every phase of 
the subject. 

The arithmetical view of the toxin-antitoxin reactions and their 
analogues, which was introduced chiefly by Arrhenius and Madsen, 
has invariably shown itself to be untenable. It has led to a numer¬ 
ical science which is far removed from the principles of biological 
investigations and from the experimental results underlying these. 
On the other hand, so able an authority as Nernst at once recognized 
that the laws of chemical equilibrium are not applicable to mixtures 
of toxin and antitoxin. In addition to this von Dungern, Morgen- 
roth, and Sachs have collected considerable new experimental evi¬ 
dence which demonstrates absolutely that the toxin-antitoxin 
combination gradually becomes firm, although it may in some 
instances be quite loose in the first stage. The complex constitution 
of the poison solutions has thus been conclusively demonstrated; 
and I may also remind the reader that there can also no longer be 
any question as to the independent existence of toxons in diphtheria 
poison, for van Calcar has succeeded in a direct separation of these 
bodies. 2 

1 This chapter is written expressly for this American edition. 

2 van Calcar effected this by means of an ingenious dialyzing procedure 
(Berlin, klin. Wochenschr. No. 39, 1904). Certain objections raised by Romer 
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In view of the extraordinary success which physical chemistry 
has scored, it is readily understood how tempting it was for so emi¬ 
nent a representative of this science as Arrhenius to apply its princi¬ 
ples to the new field of immunity. I have always emphasized the 
chemical nature of the reaction, and am glad therefore that the 
attempt to apply these principles has been made. It has demon¬ 
strated anew that the phenomena of animate nature represent merely 
the resultants of infinitely complex and variable actions, and that 
they differ herein from the exact sciences, whose problems can be- 
treated mathematically. The formulas devised by Arrhenius and 
Madsen for the reaction of toxins and antitoxins explain absolutely 
nothing. Even in particularly favorable cases .they can merely 
represent certain experimental results in the form of interpolation 
formulas. Neither do I believe that the phenomena observed in 
toxins and antitoxins bear any relation to the processes of colloid 
chemistry. The attempt which has been made to interpret the 
immunity reaction from the standpoint of colloid chemistry, a sub¬ 
ject itself more or less obscure, is based on purely external analogies. 

I see absolutely no advantage in such a method, and I have grave 
fears that it will result in checking further progress along this line. 
Structural chemistry, on the other hand, has not only served to 
explain all the phenomena in immunity studies, but has also proved 
a valuable guide in indicating the lines along which further progress 
might be made. The limitations of colloid chemistry have already 
manifested themselves, and enthusiastic advocates of this science 
have been compelled to assume the existence of specific atomic 
groupings in accordance with my views. I therefore see no reason 
for abandoning the views expressed in my receptor theory, a theory 
in complete accord with the principles of synthetic chemistry. My 
decision finds additional support in the fact that the studies in 
immunity are constantly bringing to light new observations best 
harmonized with the views of structural chemistry. Thus I may 
remind the reader that Morgenroth has recently very cleverly proved 
the postulate that the components of the neutral toxin-antitoxin 
combination can be restored. This author succeeded in completely 
recovering the two components of a neutral mixture of cobra venom 

(Berl. klin. Wochenschr. No. S’, 1905) have been effectually answered by van 
Calcar by means of some additional experiments, and by the demonstration 
that the membranes employed by Homer were unsuitable (Berl klin Worh 
No. 43, 1905). v * 
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and antitoxin by means of an ingenious method. But even here we 
are not dealing with a reversible reaction, for it requires certain 
manipulations to disrupt the neutral combination; thus, in the case 
of cobra venom, the addition of hydrochloric acid is necessary. The 
neutral cobra-venom-antitoxin combination therefore behaves like a 
glucoside, which in itself is entirely stable, but is split up by the addi¬ 
tion of hydrochloric acid. 

Besides this, the interesting investigations recently published by 
Obermayer and Pick, 1 on the production of immune precipitins by 
means of chemically altered albuminous bodies, are of particular sig¬ 
nificance in connection with the chemical conception of the immunity 
reaction. These authors succeeded, by iodizing, nitrifying, and 
diazotizing animal albuminous bodies, in so changing them that, 
when introduced into the organism of the same or of different species, 
they excited the production of precipitins which lacked specificity. 
These precipitins, however, were strictly specific for their respective 
iodized albumins, xanthoproteids, or diazo-albumins, no matter from 
what animal species the albumins were derived. 

We see, therefore, that the introduction of a certain chemical group 
into the albumin molecule completely alters the latter's power to 
excite the production of antibodies. This certainly corresponds 
entirely to the view that the production of antibodies is dependent 
on the chemical constitution of the exciting agent, a view which finds 
expression in my receptor theory. 

The heuristic value of the receptor idea, the idea which underlies 
my side-chain theory, can best be appreciated by studying the devel¬ 
opment of our knowledge concerning the cytotoxins of blood serum. 
As a prototype of these substances the hemolysins occupy a promi¬ 
nent place in this volume. The view that the hemolytic immune 
bodies are amboceptors has been proven to be correct in every case, 
thus conclusively showing that Bordet's sensitization theory is un¬ 
tenable. To begin, the observations of M. Neisser and Wechsberg, 
that the action of bactericidal sera depends not only on the absolute- 
but on the relative concentration of amboceptor and complement, 
presented conditions which could not be harmonized with Bordet's 
views. On the other hand, they were readily explained in accord¬ 
ance with the side-chain theory by assuming that the complement 
was deflected by an excess of amboceptor. But even if this expla- 


1 Centralbl. f. Physiologie, Vol. XIX, No. 23. 
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nation is not the correct one, as Gay has recently stated, it would in 
no way affect the soundness of the amboceptor theory. The exist¬ 
ence of amboceptors is confirmed by so many experimental consider¬ 
ations that it is no longer a postulate of the theory, but is practically 
the direct expression of observed phenomena. The term amboceptor, 
of course, is used merely to express the two-sided affinity, to the 
cell on the one hand and to the complement on the other. The 
affinity of the amboceptor to the cell was demonstrated by the com¬ 
bining experiments published by Morgenroth and myself; and the 
direct union of amboceptor and complement is confirmed by a host 
of decisive observations. Of these, it will suffice to mention the 
test-tube demonstration of complementoids which occupy the com- 
plementophile groups of the amboceptor. This demonstration has 
since been effected in other ways (Fuhrmann, Muir, Browning, and 
Gay), so that the existence of complementoids is no longer evidenced 
merely by the possibility of producing anticomplements by means of 
inactivated serum, but is demonstrated primarily by the unmistak¬ 
able interference of the complementoids in haemolytic test-tube 
experiments. It is not necessary that complementoids should always 
exert an inhibiting action on haemolysis; for it is obvious that changes 
in affinity may occur in consequence of external influences, physical, 
chemical, or chronological in nature. I believe that changes in affinity, 
either positively or negatively, are of the highest importance in cor¬ 
rectly understanding the course of immunity reactions, although I 
do not deny the influence of certain catalytic factors on these proc¬ 
esses (von Behring, Morgenroth, Otto, and Sachs). However, no 
general rule can be laid down. Experiments are constantly bringing 
forth surprises, but by diligent empiricism it is usually possible to 
bring the many different observations into harmony with a single 
point of view. 

The original assumption, that amboceptor and complement (at 
least in the case of hsemolysins) exist free side by side, and that the 
complement does not take part in the reaction until the amboceptor 
has been bound by the cell (owing to an increase in the affinity of 
the complementophile group),—this assumption has not proven ten¬ 
able in every case. In addition to the case described in a previous 
chapter by Sachs and myself, we now know of a number of combi¬ 
nations, discovered by Sachs, in which the amboceptor alone does 
not unite with the receptor of red blood-cells, or does so to only a 
slight degree. By combining with the complement, the amboceptor 
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Has the affinity of its cytophile group increased, so that now it is able 
to unite with the cells. Thus far, such observations have been made 
only on normal amboceptors; and this fact explains why the numerous 
attempts of various authors to separate normal haemolysins, by means 
of absorption at low temperatures, have failed. 1 The amboceptors 
obtained by immunization, on the other hand, regularly possess a 
high affinity for the cell-receptor. This is easily understood if we 
consider their mode of origin, for we may perhaps see in this a selec¬ 
tion of the groups with the highest affinity. Certainly in this case 
the exception proves the rule; for the mere fact, that in some instances 
the amboceptor does not unite with the cell until it has first com¬ 
bined with the complement, at once shows that we cannot be dealing 
with a sensitization. On the contrary, this shows that the ambo¬ 
ceptor is an interbody in the strict sense of the word. These condi¬ 
tions have been most clearly brought out by the experiments of 
Preston Ivyes on cobra venom. The researches of Flexner and 
Noguchi, as we all know, showed that cobra venom by itself is no 
hsemolysin, but plays the r61e of amboceptor in haemolysis. The 
most important of the activators is the one discovered by Ivyes, 
namely, lecithin. The relation between snake venom and lecithin is 
really the same as that between amboceptor and complement; but 
the former possess one great advantage for chemical analysis,—they 
are both stable substances, and thus contrast strongly with the highly 
susceptible substances found in blood serum. Hence what was 
impossible in the case of the latter could readily be effected with 
cobra venom. Kyes, it will be remembered, has demonstrated, ad 
ocxilar , the direct union of cobra amboceptor and lecithin comple¬ 
ment, and has furthermore succeeded in isolating the resulting com¬ 
bination, the cobra-lecithid, in pure form. 2 

Thus, for the first time, the conclusion was reached chemically 


1 In this connection I should also like to mention the interesting atypical 
behavior discovered by Donath and Landsteiner in the amboceptor reaction. 
These authors observed haemolytic autoamboceptors in the serum of a patient 
suffering from paroxysmal haemoglubinaria. These autoamboceptors, how¬ 
ever, only united with the bloods at low temperature. 

2 Kyes has recently continued his studies at my laboratory, and has demon¬ 
strated the important fact that in this formation of cobra-lecithid there is a 
true chemical synthesis. The course of this synthesis is such that a fatty acid 
radical is split off from the lecithin molecule, whereupon the residual combina¬ 
tion, which corresponds to a monostearyllecithin, unites with the cobra am bo- 
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which, as a result of biological experiences, I had always looked 
forward to. 

The correctness of the amboceptor theory formulated by Morgen- 
roth and myself is confirmed by another important link in the chain 
of evidence. As far back as 1900, in the Croonian lecture, I stated 
that, according to the amboceptor theory, three antilytic antibodies 
were possible. In addition to the substances which act as anticom¬ 
plements, we could conceive of antiamboceptors of two different 
kinds. One of these inhibits the action of the amboceptor by pre¬ 
venting the union of amboceptor and cell, the other by occupying the 
complementophile groups. So far as the confirmation of the ambo¬ 
ceptor theory is concerned, it is evident that the demonstration of 
antiamboceptors directed against the complementophile group is by 
far the most important; for, owing to the mode of origin, the devel¬ 
opment of cytophile groups of the amboceptor as reaction products 
of the specific counter-group (the cell-receptor) is self-evident. It 
was therefore particularly gratifying when I found that Bordet 
had recently furnished the demonstration that the antiamboceptor 
developed with an immune, or with a normal serum, is usually directed 
against the complementophile group. This discovery very prettily 
demonstrates that the mechanism of haemolysin action proceeds 
according to the amboceptor theory. The error contained in our 
earlier conception, that anti-immune bodies were usually antibodies 
directed against the cytophile group, is practically only an error in 
the localization of the point of attack. This must now be corrected 
by regarding the complementophile group as the point attacked by 
the antiamboceptor. 

We know that it is possible to produce antiamboceptors by im¬ 
munizing with normal serum, and Pfeiffer and Friedberger have 
shown that the action of the antiamboceptor serum extends to all 
the amboceptors of the animal species whose serum was used for 
immunization. These facts are only apparently a contradiction of 
the specificity of amboceptors, for the specificity of the amboceptors 
applies only to the cytophile group. On the other hand, we must 
assume that all the amboceptors of the same animal species are at 
least partly similar in structure so far as the complementophile 


ceptor. This of course destroys the foundations of Noguchi's calculations, which 
are based on the assumption that the reaction is reversible; it also disposes of 
certain statements made by Bredig. opuses oi 
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apparatus is concerned. In a way, therefore, the amboceptor bears 
the stamp of the animal species from which it is derived. In this 
connection I have already expressed my views in the article entitled 
“ The Mechanism of the Amboceptor Action and its Teleological Sig¬ 
nificance ” (Koch Festschrift, 1903): “In general, the specific ambo¬ 
ceptors possess a uniform structure in their complementophile por¬ 
tions, whereas they differ to a high degree in their cytophile groups, 
whose physiological function is the absorption of foodstuffs.” 

The studies of antiamboceptors have demonstrated that this con¬ 
ception is correct. We see, therefore, that the specificity of the com¬ 
plementophile group of the amboceptor, a sj^ecificity based on the 
animal species, at once leads to a difference in the amboceptors 
obtained from different species by means of the same immunizing 
material. In our Sixth Communication on Hemolysins, Morgenroth 
and I published certain experiments showing that by means of an 
antiamboceptor we had been able to demonstrate the diversity of 
the amboceptors produced in different animal species by injections 
of ox-blood. This statement still holds good, and its direct conse¬ 
quence demands that in the practical application of bactericidal sera, 
we should mix immune sera derived from different animals. 

In view of Bordet's observation, however, we shall have to revise 
our interpretation in so far as the site of this differentiation is con¬ 
cerned; the difference is in the complementophile group instead of 
in the cytophile group. On the other hand, we must abandon the 
differentiation of partial amboceptors in one and the same serum by 
means of antiamboceptors, a differentiation which we proposed in 
the study on hsemolysins. It must not be thought, however, that 
the pluralistic conception of the amboceptor apparatus is thereby 
overthrown. This conception is supported by so many arguments 
of a different kind that the existence of partial amboceptors can be 
classed as one of the demonstrated facts in immunity. I may remind 
the reader that by means of mutual elective absorption it is possible 
to differentiate the strictly specific portion of an immune serum 
from the non-specific components which give rise to the group reac¬ 
tions. By this means the presence of different amboceptor fractions 
could be demonstrated in the same immune serum. The observa¬ 
tions made by Morgenroth and myself on isolysins also speak strongly 
in favor of a multiplicity of amboceptors. In these the possible 
presence of antibodies acting on the complementophile portion of the 
amboceptor is absolutely excluded. Finally, if we glance at the con- 
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ditions existing among bacteria, we find the so-called group reactions 
showing that the receptor apparatus and the antisera possess a highly 
multiple constitution. This fact, as is well known, has here been of 
great practical value. We see, therefore, that the plurality of the 
amboceptors, so far as the cytophile group is concerned, is an assured 
fact; the differentiation by means of antiamboceptors directed 
against the cytophile group can therefore very well be foregone. 
The production of antiamboceptors against the cytophile group seems 
to encounter particular difficulties, for the complementophile group 
always finds the corresponding counter group in the organism more 
readily than does the cytophile group, and therefore is alone bound 
by the tissue receptors. It is possible that in order to successfully 
immunize with cytophile groups, it will be necessary to isolate these 
groups. The latter might be accomplished by neutralizing the com¬ 
plementophile group with the corresponding antibody, or by destroy¬ 
ing this group (= cytophilic amboceptoids). 

In any event these studies confirm the correctness of the ambo- ' 
ceptor theory, i.e., that there is a direct combination of amboceptor 
and complement. To repeat, therefore, the specificity of the ambo- 
cep tors applies: 

(1) To the receptor employed in immunization, and this mani¬ 
fests itself in the configuration of the haptophore group; and 

(2) To the animal species from which the amboceptor is derived. 
The latter kind of specificity shows itself in the structure of the com¬ 
plementophile apparatus; which, as we know, consists of a large 
number of individual complementophile groups. To this plurality 
of the complementophile groups there corresponds a plurality of com¬ 
plements as can hardly longer be questioned. So far as the consti¬ 
tution of the complement is concerned, the fact that it is made up of 
a haptophore and a toxophore group is sufficiently proven by test- 
tube experiments. The indirect method first employed for the 
demonstration of the haptophore group, namely, by the production 
of anticomplements, can therefore be dispensed with. 

However, I am convinced that just as normal body-fluids so often 
contain anticomplements, it will also be found possible to produce 
these by immunization. But as Moreschi has well pointed out, the 
experiments by which it was sought to demonstrate the production 
of anticomplements are not absolutely conclusive. Recent studies 
by Gengou, Moreschi, and Gay have shown that in the immunization 
with serum, antibodies directed against the albuminous constituents 
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are formed which, by uniting with the corresponding albuminous 
bodies, possess the property of exerting anticomplementary effects. 
In this case, therefore, the anticomplement action is brought about 
by the interaction of two components, one present in the serum of 
the immunized animal and the other in the serum of that animal 
species whose serum was used for immunization (Moreschi). It is 
clear, of course, that here the dissolved albuminous substances, not 
the complements, were the antigens. This being the case, the demon¬ 
stration of anticomplements produced by immunization becomes 
extremely difficult, and it must be left for future investigations to 
see whether it is at all possible to differentiate these substances from 
those antibodies against albuminous substances which exert an anti¬ 
complement action. So far as the mechanism of the described anti¬ 
complement action is concerned, I do not think that the observations 
of Moreschi and Gay, that absorption of complement is associated with 
precipitation, necessarily mean that precipitation and anticomplement 
have any causal relationship. In fact it seems reasonable to assume, 
in accordance with Gengou’s first explanations, that the property of 
binding the complements is exercised by the albuminous bodies sen¬ 
sitized with the specific amboceptor. We would have to conceive 
this somewhat in this fashion, that just as when immunizing with 
cells, agglutinins and amboceptors are formed, so also when immuniz¬ 
ing with dissolved albuminous bodies two kinds of antibodies are 
formed, precipitins and amboceptors. If the latter, however, are 
really amboceptors in the sense of Ehrlich and Morgenroth, we must 
demand that they will have the same properties which we have always 
ascribed to the amboceptor type. As a matter of fact, the experiment 
shows that this is the case. These albumin amboceptors also, in order 
to react with the complements, must have the affinity of their com- 
plementophile apparatus raised, only in the present case this is effected 
by the combination of the amboceptor with the susceptible body, the 
albumin. We see, therefore, that this anticomplementary action cor¬ 
responds to the deflection of complement through an excess of im¬ 
mune body, first described by M. Neisser and Wechsberg. Only in 
this case the deflecting amboceptor is of a different kind, and needs 
first to react with the corresponding receptor. 

Through the researches of Wassermann and Schutze and of Uhlen- 
huth, one class of antibodies against dissolved albumins, namely, the 
precipitins, has been used, as is well known to differentiate albuminous 
bodies of various origin. These have thus come to be successfully 
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-employed in the forensic demonstration of the origin of blood-stains. 
The same thing, of course, was possible in the case of the albumin 
amboceptors. 

This fact has recently been taken advantage of by M. Neisser and 
•Sachs, 1 who have devised a procedure by which, by deflecting haemo¬ 
lytic complements by means of albuminous bodies loaded with am¬ 
boceptor, they diagnosticate human blood, etc. The study of im¬ 
munity thus furnishes two biological methods for deciding a point of 
vital importance in forensic medicine, namely, the origin of blood¬ 
stains. Considering the extreme importance of tests of this kind, I 
am convinced that hereafter it will be well to use this method in 
addition to the well-tried Uhlenhuth-Wassermann reaction. 

This brief r6sum6, I believe, covers the chief points which have 
recently come up for discussion, and it is indeed gratifying to me that 
all the vital questions have been decided in favor of my views. I 
have gladly applied the results obtained in experimental investiga¬ 
tions to an extension of my views, for it is obvious, considering the 
rudimentary character of a new science, that any successful prosecu¬ 
tion of the work will also extend the theoretical conceptions. If then, 
in spite of this, all the facts brought to light fit naturally into the 
views formulated by me, I regard this as additional evidence that 
these views are not so much a theory as a necessary abstraction of the 
observed facts, an abstraction which is necessary not only in order to 
obtain a clear and harmonious conception of all the various observa¬ 
tions, but also to furnish a scientific basis for a further successful 
development of the subject. 


1 Berlin, klin. Wochenschr. No. 44, 1905, and No. 3, 1906. 



XLII. THE MULTIPLICITY OF ANTIBODIES OCCURRING 
IN NORMAL SERUM . 1 


By Dr. Max Neisser, Member of the Institute. 

Following the fundamental researches made by Flugge and 
Buchner and their pupils on the bactericidal power of normal 
blood, we have come to recognize a large number of properties 
possessed by normal serum. According to our present knowledge 
we must regard these properties as due to the presence of anti¬ 
bodies in the broadest sense. 

Thus far the only theory which has satisfactorily accounted 
for the origin of these antibodies, from a physiological standpoint 
and without invoking the aid of teleological “ protective substances, 7 ' 
is Ehrlich's Side-chain Theory. According to this the cells of the 
organism produce substances, side-chains, whose physiological 
function, so long as they are part of the cell, is to lay hold of 
certain foodstuffs. Side-chains thus anchored are replaced by the 
cell, and when this regeneration is excessive, the surplus side 
chains are thrust off into the blood. As a result of this, the blood 
serum contains a large number of different side-chains. For 
example, one variety of these side-chains may happen to have an 
affinity for a particular toxin; it will be found possible, by care¬ 
fully injecting this toxin, to increase the regeneration and thrusting- 
off to an extraordinary degree, and thus an immunity is produced 
against that toxin. From this standpoint, then, immunity is 
regarded as merely a quantitative increase in the exercise of a 
normal function. 

This view has important bearings on our conception of the 
antibodies occurring in normal serum. It is apparent that the 
diversity of the antibodies which can be produced artificially, is 
entirely analogous to the variety of antibodies present normally. 

1 Reprinted from Deutsche med. Wochenschr., No. 49, 1900. 
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This plurality of normal antibodies, advocated by Ehrlich in 
a number of papers (8,9, ii) ; is strongly combated by Bordet by 
Buchner, who adhere to a Unitarian conception. These authors (5) 
agree that haemolysins and bacteriolysins are made up of two 
parts; while they admit that the “interbody” is different, they 
insist that only a single ferment-like substance, the “ alexin, ” is 
involved in the lysis of all the various species of blood or bacterial 
cells. 

Kraus ( 12 ) goes still further. He found that rabbit erythrocytes 
could be protected by normal horse serum against several different 
blood poisons, and concluded “that any given haemolytic poison 
acting on rabbit blood, can be paralyzed in its action by means 
of normal horse serum.” 

In view of the theoretical importance of this subject, wo have 
thought it advisable to study the question of the unity or plurality 
of normal antibodies. In doing this we have studied experiments 
already reported and have supplemented these with some observa¬ 
tions of our own. 

So far as the haemolysins are concerned, it has long been known 
that many sera have the power to dissolve the blood-cells of a 
number of other species. It is only recently, however, that we 
have learned how easy it is to produce artificial haemolysins by 
immunization. The specificity of these artificial haemolysins was 
first demonstrated by Bordet (2), but it was not until Ehrlich 
and Morgenroth devised elective absorption tests do) that the 
subject became clear. This procedure is based on Ehrlich’s con¬ 
ception of a chemical union of erythrocytes and haemolysin; it 
consists in saturating a serum which contains several haemolysins, 
with erythrocytes of one of the species, under conditions which 
prevent the solution of these cells. Under these circumstances 
the erythrocytes combine with their specific haemolysin, and 
abstract it from the fluid. On centrifuging, it is found that the 
fluid contains only the remaining haemolysins, and these have not 
diminished in amount. By means of this procedure, Ehrlich and 
Morgenroth (U) demonstrated the existence of several distinct 
specific hemolysins in a normal serum. They showed that a normal 
goat^ serum which dissolved the blood-cells of guinea-pigs and 
rabbits, could be freed from one of these haemolysins by treatment 
with the corresponding blood-cells, the other hmmolysins remaining 
unaffected. It is to be noted, however, that the haemolysins consist 
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of two parts, which Ehrlich terms interbody and complement 
respectively. The interbody combines with the erythrocyte on the 
one hand, and with the active dissolving agent, the complement, 
on the other. The experiments just described, therefore, demon¬ 
strated merely the plurality of the interbodies, and shed no light 
on the unity or plurality of the complements. In fact it was 
easily conceivable that a single complement (the alexin of Buchner 
and Bordet) fitted to both interbodies and effected the solution 
of both species of erythrocytes. Ehrlich and Morgenroth, however, 
were able to demonstrate that the complements concerned were 
different. They filtered a serum through Pukall filters, and so 
effected a separation of the two, one of the complements passing 
through completely, while all but traces of the other were held 
back. It was thus shown that the haemolytic “ power ” of the normal 
goat serum against rabbit and guinea-pig blood was due to at 
least four distinct substances existing independently in the serum 
side by side. 

Nuttall (17) was able to show that normal rabbit blood was 
bactericidal for B. anthrax, B. subtilis, and Bact. megatherium; 
Nissen < 16 ) demonstrated the bactericidal power of rabbit blood 
on cholera and typhoid bacilli, and on coccus aquatilis, and 
Buchner (4) found that cell-free blood serum of rabbits acted 
on anthrax, erysipelas of swine, typhoid bacilli, cholera, etc. 
There is considerable variation in the action of the serum, on 
different bacteria. Thus Nuttall found that rabbit blood acted 
on anthrax bacilli, but not on staphylococcus aureus. On the 
other hand, different sera behave differently on the same species 
of bacterium. Thus Buchner found ox and horse serum without 
effect on typhoid bacilli. The question again arises, whether the 
bactericidal" action of normal sera is due to a single substance or 
to different substances. 

Experiments to decide this question were made by Nissen 
although it must be admitted that they were not entirely conclusive. 
He injected a rabbit intravenously with large quantities of the 
coccus aquatalis and observed that the blood obtained immediately 
after had lost its bactericidal power for this coccus, while the 
bactericidal power for cholera and typhoid bacilli remained 
unchanged. 

Extensive investigations concerning this point were then made 
by Bail cl) who employed the absorption test. He found on 
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on adding dead staphylococci in not too large quantity to rabbit 
serum, that the clear fluid separated by the centrifuge was still 
bactericidal for typhoid bacilli, but not for staphylococci. The 
test also succeeded when done vice versa , and with staphylococci 
and cholera, as well as with typhoid and cholera bacilli. 

By means of the absorption test I was able to demonstrate 
that the bactericidal substances of normal rabbit serum were 
independent of the hasmolytic substances. Thus, on adding anthrax 
bacilli to normal rabbit serum, and then centrifuging, it was possible 
to remove the bactericidal power against anthrax without in any 
way impairing the haemolytic power of the serum for goat and 
sheep blood-cells. 

From what has been said it will be seen that the bactericidal 
action which normal rabbit serum exerts on different species of 
bacteria is found, by experiment, to be due to several distinct 
substances in no way dependent on one another. 

In the case of another class of antibodies, the agglutinins, recent 
investigations have shown that they too may exist preformed in 
normal serum. Here again the question arose whether but a 
single substance was concerned, or whether there were many 
different substances. 

The first experiments in this direction were made by Bordet (3), 
who studied normal horse serum. This has the power to agglu¬ 
tinate cholera and typhoid bacilli. By means of the absorption 
technique of Ehrlich and Morgenroth, Bordet found that after 
centrifuging serum which had been saturated with one of the 
organisms, the agglutinating power for that organism would have 
been lost, while that for the other organism would still be present, 
and vice versa . Subsequently Malkoff u*) reported similar results 
with red blood-cells. He found that normal goat sefum agglu¬ 
tinated (without dissolving) the erythrocytes of the rabbit, 
pigeon, and man, while the erythrocytes of other animals were 
but little or not at all agglutinated. Furthermore, it was found 
that there was considerable individual fluctuation in the serum 
of different goats. Working with the goat serum, which agglu¬ 
tinated the three bloods just mentioned, he found that by adding, 
for example, pigeon erythrocytes and then centrifuging, the cen¬ 
trifuged serum would have lost its agglutinating power for pigeon 
erythrocytes, but was still able to agglutinate the other two species 
of blood-cells. The experiment succeeded in all possible com- 
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binations, so that even when two species of blood-cells were 
added at once, the agglutinating power for these could be reduced 
to nil while the power for the remaining species of blood was unim¬ 
paired. We see, therefore, that the results are entirely similar to 
those obtained with the hsemolysins and bacteriolysins; the 
agglutinating power of normal serum on different species of cells is 
due to separate and distinct substances contained in the serum. 

In addition to the foregoing we may also consider for a moment 
those antibodies which act, not on bacteria or blood-cells, but 
on ferments and toxins, in other words, the antitoxins and anti¬ 
ferments. These bodies are not known directly, but only indi¬ 
rectly by their neutralizing effect; we know little about their occur¬ 
rence in normal serum. Landsteiner U3), citing also the older 
literature, found antitryptic substances in normal rabbit, guinea- 
pig, and ox serum. Morgenroth (is) found antibodies against 
rennin and against cynarase in the serum of normal. goats and 
horses. By specific immunization this investigator was able to 
show that rennin and cynarase were two distinct ferments, and 
that the antirennin of normal serum was distinct from the normal 
anticynarase. Morgenroth found that the relative amounts of the 
two antibodies differed in two horse sera which he investigated. 

The existence of normal antitoxins has also been reported. 
Meade Bolton, and later Cobbett (6) found that a considerable 
proportion of normal horses had diphtheria antitoxin in their 
serum, and that the amount of this was very variable. Wasser- 
mann 0-8) found that not a few normal human individuals had 
diphtheria antitoxin in their blood. Ehrlich (7) encountered a, 
normal horse serum-which contained an antibody against teta- 
nolysin, and Krauss Cis) found normal horse serum effective against 
a number of hsemolysins. In a paper which Dr. Wechsberg and 
I hope soon to publish, it will be shown that we have constantly 
found, in normal human serum, an antibody against staphylotoxin. 

In view of the fact that horse serum protects rabbit erythro¬ 
cytes against tetanolysin, staphylolysin, and other hsemolysins,, 
Krauss concludes that the protective action is due to a single 
substance in horse serum, and then concludes further that these 
hsemolysins differ only quantitatively and not qualitatively. A few 
exact quantitative experiments would have convinced Krauss that 
this assumption of the non-specificity of hsemolysins is absolutely 
incorrect. It can be shown that an antistaphylolysin, artificially 
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produced by immunizing rabbits, protects only against staphylolysin, 
and not against tetanolysin. This is well shown in the paper 
about to be published by us. So also it can be shown that a tetanus 
antitoxin derived from a horse has a marked protective action 
against tetanolysin, whereas the protective action against staphy¬ 
lolysin is no greater than that of normal horse serum. Finally, it 
can be shown that normal horse serum usually protects against 
tetanolysin and staphylolysin, but not against the hsemolysin of 
normal goat serum. The last-named, it will be remembered, acts 
on rabbit blood-cells. These haemolytic poisons, therefore, differ 
qualitatively from one another. 

We see, then, that the antibody present in normal horse serum 
does not protect rabbit erythrocytes against all blood poisons, for 
it is not able to prevent the solvent action of normal goat serum. 
Furthermore, it will be seen from the following experiment that 
the protective action against a number of different blood poisons 
is not due to a single substance. The blood poisons employed 
were tetanolysin and staphylolysin, and the serum of four normal 
horses was tested against these quantitatively. To begin, it was 
necessary to determine the complete solvent dose of tetanolysin 
and of staphylolysin for one drop of rabbit blood. Then the 
amount of horse serum which sufficed to completely neutralize 
(inhibit) this dose was determined. The following is an abbre¬ 
viated protocol of such an experiment. 

The complete solvent dose of the staphylolysin employed (14-day 
filtered bouillon culture of staphylococcus pyogenes aureus) was 
0.05 cc. for one drop of rabbit blood. The solvent dose of tetan¬ 
olysin was 0.25 cc. 


TABLE I. 



No. of cc. which entirely Neutral¬ 
izes the Effect of a Complete 
Solvent Dose of Staphylolysin. 

No. of cc. which Entirely Neu- 
tralize the Complete 
Solvent Dose of Tetanolysin. 

Horse serum 1. 

0.025 

0.075 

0.025 

0.25 

0.25 

0.05 

more than 1 

0.25 

Horse serum 2. 

Horse serum 3. 

Horse serum 4. 



That is to say, the number of doses of antibody contained in 
each cubic centimeter was 
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For horse serum 1 
‘ 1 horse serum 2 
‘ 1 horse serum 3 
‘ 1 horse serum 4 


Antistaphylolyain. 

40 

13.3 

40 

4 


Antitetanolysin. 

4 

20 

less than I 
4 


Compared to each dose of antitetanolysin there were in 


Horse serum 1. 

Horse serum 2. 

10 doses antistaphylolysin 
more than 40 doses antistaphylolysin 

Horse serum 3. 

Horse serum 4. 




Such a result, however, can be explained only by assuming the 
existence of two different antibodies. 

The point is proved by another experiment. To a given speci¬ 
men of horse serum whose antitoxic power for staphylolysin is 
known, enough staphylolysin is added to completely satisfy the 
antistaphylolysin. When this has been done it will be found 
that the antitoxic power for tetanolysin has not been affected. 

Thus we see that wherever the bactericidal, haemolytic, 
agglutinating, antifermantative, and antitoxic “powers” of normal 
sera are carefully analyzed, they are found to be due to separate 
independent substances for each action. By this we do not mean 
to say that the origin of these substances is necessarily to be 
ascribed to the action of the elements against which they are 
found to be directed. On the contrary, for many of these sub¬ 
stances, e.g., diphtheria antitoxin in normal horses, it seems likely 
that certain normal “ side-chains ” of whose physiological purpose 
we are still entirely ignorant happen to have affinity to a group 
possessed by some bacterium, ferment, or toxin. 

The presence of an antibody in normal serum merely proves 
that the animal somewhere possesses certain chemical groups, 
receptors, which happen to have an affinity to the bacterium in 
question; and that normally there is a moderate overproduction 
of these receptors with a consequent appearance of thrust-off 
receptors in the blood. 

This thrusting-off, then, is a physiological process which we are 
able to influence by immunization. As a result of this there is a 
sudden enormous overproduction of one particular receptor, a kind 
of pure culture of the receptor grown in the animal. It is obvious, 
however, that wherever we are able by immunization to cause an 
excessive thrusting-off of a receptor, there also will it be possible 
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XLIII. THE BINDING OF HAEMOLYTIC AMBOCEPTORS. 1 

By Dr. J. Morgenroth, Member of the Institute. 

It has been established that the hemolytic amboceptors are 
bound by the blood-cell receptors for which they have a specific 
affinity. In earlier papers 2 it was experimentally shown that the 
amount of amboceptor which can be bound by the blood-cells 
varies to an extraordinary degree. Wc call an “amboceptor 
unit/' 3 the amount of amboceptor which suffices to dissolve a 
certain quantity of red blood-cells (1 cc. 5%' suspension) when 
plentiful amount of complement is present. Experience has shown 
that the combining capacity of the blood-cells varies from one to 
one hundred amboceptor units. On centrifuging the blood-cells 
after these have bound the amboceptor, and resuspending them in 
salt solution, it will be found that the amboceptor remains bound 
unchanged, and is not given off to the fluid in demonstrable quan¬ 
tities at room temperature. It was natural to investigate the 
firmness of this amboceptor union in suitable cases, namely, cases 
in which a multiple of the amboceptor unit had been anchored. 

By repeated centrifuging and resuspension in salt solution, it 
is possible to obtain blood-cells laden with amboceptor in a medium 
entirely free from recognizable traces of amboceptor. A curious 
phenomenon is observed when fresh blood-cells of the same species 
are added to such a suspension. After a time some of the ambo¬ 
ceptors originally bound to the blood-cells pass over to the new 

1 Reprinted, from Munchener xned. Wochenschrift, No. 2, 1903. A more 

recent discussion of this subject by the same author will be found in Biochem 
Zeitschrift, Yol. XX, 1909. 

3 Ehrlich and Morgenroth, Berliner klin. Wochenschr. No. 10, 1901. This 
volume, page 71. See also Ehrlich, in Nothnagel’s Spez. Pathologie u. Therapie 
Vol. VIII. 

3 Morgenroth and Sachs, Berliner klin. Wochenschrift, No. 35, 1902. This 
volume, p. 254. 
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blood-cells, so that finally all the blood-cells in the mixture contain 
an amount of amboceptor, sufficient, when suitable amounts of 
complement are added, to produce complete solution of the entire 
mixture. This is shown by the following experiments. 

To 20 cc. 5% serum-free suspension of ox blood-cells one adds 
4.0 cc. inactive serum of a rabbit immunized against ox blood. 
The complete solvent dose of this immune serum (for 1 cc. 5% sus¬ 
pension) when 0.1 cc. guinea-pig serum is added as complement, 
is 0.0015 cc. The amount employed in this experiment therefore 
contained 130 amboceptor units. The mixtures were kept at 38° 
for one hour, and frequently shaken. The blood-cells were sepa¬ 
rated by centrifuge, and washed three times with 40 cc. salt solution, 
and then made up to the volume of the original suspension. The 
last wash water was free from amboceptor. One cc. of this sus¬ 
pension was mixed with one cc. of a fresh 5% suspension of ox 
blood-cells, and the mixtures kept for one hour in a water-bath 
at 40°. On adding 0.2 cc. guinea-pig serum, it was found at the 
end of fifteen minutes that complete solution of the entire quantity 
of blood had ensued. 

This shows that in the course of one hour at 40°, the blood-cells 
added afterwards had absorbed at least sufficient amboceptor to 
effect solution. Similar experiments with blood-cells laden with 
3, 6, 10, and 60 times the amboceptor unit yielded entirely analogous 
results. The action takes place even at 0° C., though much more 
slowly. 

The result of these experiments is apparently at variance with 
earlier statements, that the fluid is free from amboceptors. It is 
obvious that the amboceptors can only get from one blood-cell 
to another by way of the fluid medium. The contradiction, how¬ 
ever, is explained by assuming that the fluid is not absolutely free 
from amboceptors, but contains such minute traces that they 
escape detection. When, in the experiment, the blood-cells subse¬ 
quently added combine with the amboceptors present in the fluid, 
conditions are produced whereby, in accordance with the law of 
chemical equilibrium, additional small traces of amboceptor are 
liberated into the fluid. With the anchoring of this by the fresh 
blood-cells, the process is repeated, so that the latter bind more 
and more amboceptor. 

In the binding of the amboceptors we are therefore dealing 
with a reversible process in which the equilibrium is such that 
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the quantity of atiiDofvptor in .«<dutl'n b a-u.uly too mix iu**' to 

be detected. Similar nm<htior,> in the have recently h^en 

descri!**! fur the Inrnmlyt ir m ibvhiiv- i.f ordain enroll extract-. 
These substances are only very d.Dhfh *itbjce in -ait solution. 

Never! tidies, mlien susceptible bleod-ulb are preieiD at the same 
time, the substances are anchored by tbit' cells, i e., abstracted 
from the solution, while a further minute quantity b given of? to 

the solution. In countetion with the experiments made at that 
time, 1 we called attention to the analog existing between this 
phenomenon and certain occurrences in dyeing. 

It was necessary, now, to determine hem the complete hjcxnoly- 
sin, i.e., amlx>eeptor plus complement, would behave in an 
experiment of this kind. The result was highly Interest lag, for 
it was found that the ability of the amboceptor to pass from the 
receptor of one 4 blood corpuscle to that of another existed only 
so long as the amboceptor had not also combined with comple¬ 
ment. On adding immediately a suitable amount of complement 
to mixtures of blood-cells laden with amboceptor and fresh blood- 
cells, it will be found that only the former are dissolved, i.e., only 
half of the mixture. Even when the complement is added after 
10, 20, or 40 minutes, only part of the blood-cells Is dissolved. It 
is only when the complement is not added until after sixty minutes 
have elapsed, i.e., after time has been given to permit the passage 
of sufficient amboceptor, that complete haemolysis occurs. 

Twenty cc. of a 5^ suspension of ox blood-cells freed from 
serum are mixed with 0.048 cc. of the inactive immune serum* 16 
amboceptor units. The mixture is kept at 38° and frequently shaken, 
after which the blood-cells are separated by centrifuging. The 
blood-cells are washed three times with salt solution until the 
wash water is entirely free from amboceptor. After making the 
suspension up to the original volume, 1 ec. doses are mixed with 
1 cc. doses of a fresh 5% suspension of ox blood-cells. The mixtures, 
kept in a water-bath at 4CP each, received 0.2 ee. doses of guinea-pig 
serum at different intervals, namely, at once, anti after 10, 20, 
40, and 60 minutes. In order to produce the maximum haemolytic 
effect, aU the tubes were kept in the water-bath for three hours. 
At the end of that time, half of the blood-cells, corresponding to 


1 Kocsehua and MorfaBrolh, Beziinor Uk No. 37, 1002. 

This volume, p&ge 267. 





698 


COLLECTED STUDIES IN IMMUNITY. 


the 1 cc. of sensitized blood-cells, had, of course, dissolved. The 
degree of solution which the other half had undergone, varied 
with the length of time after which the complement was added, 
and is shown in the accompanying table: 



Complement Added. 

Degree of Solution. 

1 

at once 

0 to slight 

2 

after 10 minutes 

slight to moderate 

3 

“20 “ 

moderate 

4 

“ 30 “ 

strong 

5 

“ 60 “ 

complete 


On subsequently adding a further 0.2 cc. guinea-pig serum to 
tubes 1-4, and placing them in the water-bath, complete solution 
was produced. 

It is not difficult to explain this phenomenon. On adding 
complement to mixtures of sensitized and fresh blood-cells, the 
complement is rapidly bound by the anchored amboceptors. We 
know from earlier experiments that these have an increased affinity 
for the complement. 1 If the amount of complement is relatively 
small, while that of the anchored amboceptors is large, it is obvious 
that only part of the amboceptors will be occupied by complement. 
The anchored amboceptors which have bound complement are 
evidently no longer able to let go of their receptor. This fact 
shows that the anchoring of the complementophile group of the 
amboceptor produces an increase in the binding power of the 
cytophile group. The anchored amboceptors which are uncom¬ 
bined with complement, naturally retain their freedom of move¬ 
ment, and are thus enabled to pass over to the freshly added blood- 
cells. This is demonstrated by the occurrence of haemolysis on 
the further addition of complement. 

We believe that these experiments constitute an important 
addition to our knowledge of the relations existing among ambo¬ 
ceptor, receptor, and complement. From a well-known experiment 
made by Bordet, 2 we know that after haemolysis has begun, ambo¬ 
ceptor and complement remain permanently combined. Bordet 


1 Ehrlich and Morgenroth, Berliner klin. Wochenschr., No. 1, 1899. This 
volume, page X. 

2 Bordet, Annales Pasteur, No. 5, 1901. 















completely dissolved by a hsemolytic serum when the cells were 
added at once. He then divided the blood-cells into two equal 
parts, added one part and then the other after the first had been 
hsemolyzed. The second portion remained undissolved. Bordet 
incorrectly interpreted this as indicating a physical adsorption 
of the amboceptor, but, as already indicated, 1 the phenomenon is 
due to the fact that the blood-cells bind multiples of the amboceptor 
unit. 

Attempts to liberate bacterial agglutinins from their combina¬ 
tion with the cells were made some time ago by Hahn and Tromms- 
dorff. 2 These investigators treated agglutinated bacteria with 
weakly alkaline and weakly acid solutions and actually succeeded 
in liberating a portion • of the bound agglutinin. The agglutinin 
so liberated was still active. More recently Landsteiner 3 succeeded 
in liberating the agglutinin from agglutinated blood corpuscles by 
digestion with physiological salt solution at 50°. This author, 
moreover, found that even at lower temperatures a certain amount 
of agglutinin passed into the salt solution used for washing the agglu¬ 
tinated cells, and he therefore concludes, probably correctly, that 
the combination of cell and agglutinating substance decomposes 
even at ordinary temperatures, though to a less degree than at 
higher temperatures. 

It is necessary constantly to call attention to the significance 
of the chemical union of the amboceptors for a correct understanding 
of the fundamental principles of the immunity reactions. We 
are here dealing with a chemical binding which is unaccompanied 
by any toxic action whatever, but which at any time, through the 
addition of complement, can become manifest by such action. Just 
this makes it possible to demonstrate the essential distinction 
between the chemical binding and toxic action, a distinction which 
finds its expression in the separation of the toxin molecule into a 
toxophore and a haptophore group. Gruber and Durham 4 were 
the first to demonstrate the fact that cholera vibrios could remove 
cholera-immune bodies. Since, however, they identified these 


1 Ehrlich and Morgenroth, loc. cit. 

2 Hahn and Trommsdorff, Mdnchener med. Wochenschrift, No. 13, 1900. 

8 Landsteiner, Wiener klin. Rundschau, No. 40, 1902, and Mtinch. med. 
Wochenschrift, No. 46, 1902. 

4 Gruber, Wiener klin. Wochenschrift, No. 12, 1896. 
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bodies with the agglutinins, they could merely conclude flint the 
agglutinins were used up in the reaction. That a substance i* used 
up as a result of its action, is however, self evident, and const it tiles 
the basis of all dosage. If this were not so we should be able with 
any poison to produce an endless toxie action, just m theoretically 
ferment action can go on indefinitely. Although of great impor¬ 
tance in itself, all that Gruber demonstrated was the fact that treat¬ 
ment with specifically acting agencies caused the nub?4fifteen to 
disappear. An insight into the nature of this process, particularly 
whether it was a destruction or merely a binding, would have mpiircd 
a further systematic analysis, and this was not undertaken. More¬ 
over, just this analysis would have been extremely difficult, because 
of the views then and perhaps still held by Gruber 1 , riiiinely»tli&t 
agglutinins and baeteriolyslns are identical. 


1 Gruber, Mtutchener mod. Woeheasclmft, Xu, 4K, 1001. 



XLIV. THE JOINT ACTION OF NORMAL AN!) IMMUNE 

AMBOUKITOItH IN II/KMOLY 8 I 8. 1 

By Dr. Hash Hachh. 

PPBIFPKIC ANI> FillKIiHKHCiKIC ^ hllVU recently publlrttted Homo 
very into renting olmervntionH concerning the imtibacteriolytic, 
fiction of normal ncra. They find, for example, that normal Hera 
which in themselves ponses* no antilytic power, ncqiiiro Hitch power 
<m digesting them with bacteria. Curiounly alno, tlit? Hera thu* 
treated l«*cniiiif specifically antilytic, ho that a Hcrum treated with 
cholera vibrios aetpsireH inhibiting properties only against the baric- 
riolymH of these organising; a He rum treated with typhoid had Hi 
protects only typhoid Imeilli against biieterio lysis. 

How is this aetion to be explained? Bo far an wo know from 
pant experiences, antilytie Hulntianceii in sertitn may he either initi- 
amhoceptor* or mil icomplement** The data contained in ihn 
cx|>eriment* of Pfeiffer and Prtadtx;rger leave no room for doubt 
lit at ant mmboreptors may las excluded; the authors, however, 
also declare their disbelief in antieomplementu m the mum of this 
antilytie action, and fee! ihctmitalvi** compelled to jiciitulatii th«i 
existence of new, hitherto unknown Hub*tancm 

We have carefully wt tidied the experiment* reported and Imltfivts 
that two jHHedble explanations preaent ihetmftelvm Thun we may 
believe flint the ant ilydii* in cjiieilicin are antieorriplerintriti, which 
in flu* native Hermit, nre covered, i.e., hidden, by normal serum 
const it uteiite. In fli«* digestion with bacteria, tltem? normal eon* 
HtituentH an* removerl (amlmeeptom), The other possibility m 
tlilit through the treatment with bacteria tint bacterial reeepiom 
tire liticrated in the serum and then* functionate m nntiumhoceptors. 
Thin hiu* already lieen Hignested by Itaartnlkn*. It in obvious that 

1 Reprinted from Deuticlie mini. Woeltettidbrift, No. 1H, IftlS, 

8 Heifer and Piwdtserjger, D«i§#§cttft mod. WncbextJiehr., No. 1, liKML 
1 Ikwralkii, Iliiiletin Paataur, T. its, 11115. 

mi 
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the second, of these two alternatives would at once explain the 
specific action of the antilysins. On the other hand, it is difficult 
to reconcile it with the findings of Pfeiffer and Friedberger, namely, 
“that it is possible, out of a mixture of inhibiting serum and immune 
serum, to extract the amboceptor by the subsequent addition 
of bacteria/ 7 While thus compelled to leave open the interpreta¬ 
tion of the results reported by Pfeiffer and Friedberger, we should 
like to report on analogous findings which we encountered with 
haemolytic sera in the course of experiments made to check up 
Pfeiffer and Friedberger's results. Owing to greater ease with 
which test-tube experiments can be controlled, these experiments 
proved more susceptible to analysis. The bloods employed were 
from sheep and pig, and these were hsemolyzed by the correspond¬ 
ing immune sera 1 with guinea pig serum as complement. 

Neither combination is inhibited by inactive normal rabbit 
serum, and yet, as soon as this serum is digested with sheep blood 
or with pig blood, it is found to have acquired antilytic properties. 
This inhibition ’ of haemolysis, moreover, is specific, so that when 
sheep blood-cells have been used for treating the serum, the inhibi¬ 
tion extends only to the haemolysis of sheep blood, but not to that 
•of pig blood, and when pig blood is used, the inhibition applies 
only to pig blood haemolysis. 

This is illustrated by the following experiment: To 10 cc. inactive 
rabbit serum were added the sedimented c'dls from 10 cc. sheep 
(or pig) blood; the mixture was kept at 37° C. for one hour, and 
then centrigufed to separate the serum from the blood-cells. The 
supernatant fluids thus obtained were added in decreasing amounts 
to constant quantities (0.1) of active guinea-pig scrum, and digested 
for half an hour; then 1 cc. of a 5% suspension of blood and a suitable 
amount (1£ amboceptor units) of amboceptor was added. Native 
rabbit serum was treated in exactly the same manner as the super¬ 
natant fluids. 

The following table shows the degree of solution noted in the 
•different combinations. The tubes in Column A contained sheep 
blood plus 0.01 cc. of the corresponding immune serum; the tubes 


1 The immune serum for the pig blood was obtained by immunizing a rabbit 
with pig blood; that for sheep blood was obtained by immunizing a rabbit 
with ox blood, as this was found by Ehrlich and Morgenroth (Berlin, klin. 
Wochen., 1901, Nos. 21 and 22) to be haemolytic also for sheep blood. 
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In Column B, contained pig blood plus 0.015 of the specific ambo¬ 
ceptor. The figures in each column denote: 

1. Native rabbit serum. 

2. Rabbit serum treated with sheep blood. 

3. Rabbit serum treated-with pig blood. 


TABLE I. 


Amount of A B 

Rabbit___ 

Serum. 

cc. 1 2 3 12 3 

i.o ' 1 oi ii o 

0.5 0 0 

0.25 0 0 ’ 

0.15 o ft. trace ® ® 0 

0.1 I J8 slight % l 2 faint trace 

0.05 | g< slight I & I d t d slight 

0.025 | almost complete ooo moderate 

0.015 ° complete o o o strong 

0.01 * ‘ strong 

0.0 J “ J . complete 


This table gives a beautiful illustration of the point noted by 
Pfeiffer and' Friedberger, namely, that the rabbit serum, which 
has no antilytic properties whatever, exerts a specific antilytic 
action after it has been treated with the corresponding blood-cells. 
It is a simple matter to show that this antilytic action is not directed 
against the amboceptors. One need merely mix amboceptor and 
inhibiting serum, and then digest the blood cells in this mixture. 
After centrifuging, it will be found that the sedimented blood-cells 
arc readily hsemolyzed on the addition of complement. This, 
of course, shows that the amboceptor cannot have been affected. 
Under these circumstances, and in the light of our past experiences, 
we would ascribe the action to anticomplements, but in doing so 
we encounter apparently a great difficulty, the specificity of action. 
But is this specificity really irreconcilable' with the assumption of 
an anticomplement action? It seems to me that no such difficulties 
exist in our case, and would ask the reader's attention to the fol¬ 
lowing considerations: 

It can be shown that the inhibiting effect produced by a serum 
after digestion with a particular species of blood (in our case with 
sheep blood), is due essentially to the absorption of normal ambo- 
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ceptors acting on sheep blood-cells. If one allows the normal 
amboceptors to participate in the reaction by themselves , it will be 
found that the antilytic efect is not produced. 

The demonstration is made as follows: An inhibiting, serum, 
prepared by treating rabbit serum with sheep blood-cells, is mixed 
with complement (0.1 cc. guinea-pig serum) and allowed to act 
on sheep blood-cells which have been sensitized in one case with 
immune serum, in another case with this and normal rabbit serum. 
The result is shown in the following table. 

In Column I the reagent consisted always of 1 ce. 5% sheep 
blood sensitized with 0.002 cc. immune serum obtained by im¬ 
munizing a rabbit with ox blood-cells. 

. In Column II, the sheep blood was treated in exactly the same 
manner, and then digested with 0.5 cc. normal rabbit serum, where¬ 
upon the blood was freed from serum by centrifugalization. 


TABLE II. 


Amount of Rabbit 
Serum Previously 
Treated with 

Sheep Blood-cells. 

I 

II 



cc. 



1.0 

0 

] 

0.5 

0 

1 

0.25 

0.15 

0 

faint trace 

1 complete 

0.1 

slight 


0.0 

complete 

J 


It will be seen from the table, that through the coaction of 
the normal amboceptors of rabbit serum, the antilytic action dis¬ 
appears, and this at once explains why the inhibiting function 
should be absent in native serum. The inhibiting antibodies are 
really present in native rabbit serum from the outset, but they 
are hidden by the simultaneous action of the normal amboceptors. 
The experiment further shows that the digestion of serum with 
blood-cells does not bring about, for example, a tearing off of receptors 
through the agency of the normal amboceptors. (Such a combina¬ 
tion in the serum fluid, moreover, would really act like an anti¬ 
complement). Column II shows that the normal amboceptors are 
really hound by the blood-cells. From the behavior of the various 
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combinnt ionn, we must furthermore conclude that the absence 
of itnfilytic! action of native scrum is only apparent, ihemolysis 
of the sheep blood-cells by the immune scrum in inhibited, but in 
place of this the normal amboceptors of rabbit serum come into 
play and effect haemolysis with the aid of the complement of guinea- 
pig serum. This, of course*, affords a natural explanation for the 
specificity of the* phenomenon. The* rabbit serum which was treated 
with sheep blood-cells lots lost the* amboceptors for sheep blood, 
hut still contains those* for pig blood. Hence! it inhibits only the 
luemolysiH of sheep blood by immune serum. When the* serum 
is treated with pig blood, the* behavior, of course*, Lh just the reverse* 
of this. 

This explanation of the specificity harmonises very well with 
the* view that the inhibiting substances are* antieomplcmcntH. It 
is only necessary to assume* that the* anticomple*m<*nts act specifically 
in the sense that under suitable* conditions only the* immune* and 
licit, the normal amboceptors arc prevented from combining with 
the complement. It might be assumed, for example, that the 
activation of normal and Immune amboceptors is effected by dif¬ 
ferent complements. It scorns simpler, however, to assume that 
the coni piemen tophile group of the normal amboceptors has n 
greater affinity than that of the immune arnlmeeptor. At first 
sight this may apfiear remarkable, hut it is not really so. It m 
true that one can usually regard the immune amboceptors ns having 
the stronger affinity, but this greater affinity applies only to tints 
cytophile group, Le,, the group whose occupation really gave rise 
to the immunity reaction. So far m the normal nmtaicepiors am 
concerned, there is another reason for believing that tlie coitiple- 
mcntophilc apparatus poHStwicH a greater affinity. Antiroiiipli*- 
vnentn, m Klirlirti and Morgenroth 1 have already shown, are noth* 
Ing mows than amlmceptont which have reached the blood stream. 
According to this view, art ificially produced anticompleiiicfttH 
are amboceptors which differ from the amtmeeptom produced in 
response to cells injections, only in the fact flint their thrusting- 
off is dm* to the occupation of their mmpU mmfophilr group. Orig¬ 
ins! mg in this way, a natural si Section of complementophile groups 
with the greatest affinity, of course, occurs and this 
shows It Keif in the increased affinity for the aiitieomptcmetifs, 

1 Hhrtirh and Moracnmth. Fifth rommtinfaatitm tm Uwmotymm, 
page 71 ttf this voluvm*. 




606 


COLLECTED STUDIES IN IMMUNITY. 


Since experience has shown that normal sera so frequently 
exert anticomplementary powers, we are compelled to assume 
that the normal amboceptors, of which, as is well known, large 
numbers circulate in the blood, generally possess a high affinity to the 
complement. Thanks to this high affinity they are able to deflect 
the complement from the amboceptor concerned in the reaction. 
Naturally, the question whether in a given ease the amboceptor 
is to act as such or as anticomplement, will depend in general «>u 
whether it fits the given species of cell or not. In any event, t lie 
anticomplementary action as thus conceived corresponds entirely 
to Neisser and Wechsbcrg’s phenomenon of deflection of comple¬ 
ment by an excess of amboceptor, 

Returning now to the problem under discussion, we find that 
this finds a ready explanation along the lines indicated. This 
will be clear on studying the schematic figure appended. 



1A= immune amboceptor. IVbl—normal amboceptor. MU-normal ambocep¬ 
tors functioning as anticompleraents. C *» complement. 

In Fig. 1 is represented tho action of native rabbit serum on 
the haemolysis of sensitized sheep blood-cells by guinea-pig com¬ 
plement. The sheep blood-cells are loaded with the immune ambo¬ 
ceptor (M). The normal amboceptor of rabbit serum fitting to 
sheep blood-cells (NA) has likewise been anchored by the cell, and 
has laid hold of the complement. 1 

In Fig. 2 the normal rabbit serum, through digestion with nh<*«*p 
blood-cells, has lost its amboceptor for these cells. Under them* 

1 The higher affinity of the normal amboceptors will be still further increased 
in favor of those bound to the cell, for it is well known that in combining with 
the cell the complementophile group acquires an increased affinity. 
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circurrmtanecH thr* free normal amboceptors, whirh act m anti- 
complements { AV) conic into play anti deflect the compleun nt 
form the immune amboceptor (IA), 

It m understood, of course, that in addif ion ft) I hone change* 
in affinity, some significance must also be attached to the law of 
muss act ion, Thun, if a very small quantity of normal nmt*o 
ceptorn united to cells is placed beside an enormous number of 
free antieomplementH, it is possible that a defied ion of complement 
may occur. In dealing with native normal sera. Hitch a dispropor¬ 
tion is out of the question* for by increasing the quantity of anti- 
rornplemenfs there* is also an increase in the amboceptors fitting 
the cell. Chi the other hand, if the blood-cells have only been 
slightly sensitized and when then innv amounts c»f the inhibitiiig 
serum an* employed, a slight- antilytic effect may be produced. 
If due regard is given to the relative amounts of the factors, and tin* 
blood-cells nre sen sit i/,ed with the proper proportion of normal 
serum, no trouble will be experienced in observing the absence 
of atitilytic action against the norma! amboceptor, lor the mkc 
of completeness the following experiment, is appended. 

Two aeries of test tubes are prepared, the first containing lb 1 
ci\ guinea-pig scrum phis decreasing iiiiiouiiIh of native rabbit 
serum, flic other conittinitiK flic same amount of guinea-pig Hermit 
plus decreasing amounts of nibfilt scrum which Inis previously Imert 
absorbed with shoep blood-cells, To each of the tubes is added theft 
I CIV fl% sheep blood-cell* which have previously karri senttsked 
with (15 m% normal rabbit scrum, stud separated from the serum 
by reritrifiipilixiilimt. Tin* result m shown in the following table*. 
The control with immune amlmceptor m shown in Column I, Table II* 


TABLE III. 


Awmmt *4 MsIJil j 

Sri illfi ' 


I It 

<i ft 

If 2ft 
0 IB 

It I 



A 

Xjtfiw it»t#Uf 

Sr til ii* 


eotftftlrft! 


IiftW4i Hrrtifii 

J\h**$rhr 4 will* 
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A number of observations made during the course of other experi¬ 
ments gives additional support to the view that the inhibiting 
action is due to anticomplements whose action is hidden, in native 
sreum, by the normal amboceptors. Thus, it was possible to bring 
about inhibition by absorption, only when the serum employed 
already contained amboceptors for the blood-cells in question. 
Where these amboceptors were absent, no change whatever was 
produced by the absorption, the serum either inhibiting equally 
well before and after absorption, or not inhibiting at all. Normal 
rabbit serum, for example, is in no way changed when absorbed 
with ox blood-cells, because it lacks fitting receptors for these cells. 
Owing to the fact, however, that it contains anticomplernents, 
rabbit scrum even in its native state exerts tin antilytie efTert on 
ox-blood haunolysis, and this action is unaffected by absorption 
either with ox blood or sheep blood. In this connection the indi¬ 
vidual variations observed in the behavior of rabbit sera toward 
sheep blood is most instructive. Thus, I have encountered rabbit, 
sera in which, by chance, the amboceptors for sheep blood were 
practically absent. These sera, however, even in the native state, 
possessed an antilytie effect on sheep-blood hirmolysU, and this 
was unaffected by treatment with sheep blood-cells. 

Finally mention should be made of a circumstimei, which makes 
it highly probable that the substances in question are imlirnmpic- 
ments. We have seen that the inhibiting serum produces its effect 
when guinea-pig serum is used as complement. On the other hand, 
no inhibition will be produced if rabbit serum is used as comple¬ 
ment. The amboceptors present are complemented with rnhhit 
serum just as well as with guinea-pig serum, and the failure of 
absorbed rabbit serum to inhibit when rabbit serum is used as com¬ 
plement can be readily understood if we regard the inhibition ns 
due to anticomplements as already set forth, for it is well known 
that autoanticomplcmonts are. uncommon. 

It is, of course, impossible for us to say whether the data here 
reported are applicable to the observations made by Pfeiffer and 
Friedberger on bacteria. From what has been said it is apparent 
that the specificity observed by those authors would agree very 
weU with the anticomplcmenj, hypothesis, X«r is this hyjwtheris 
contradicted by the fact that a certain excess of amboceptor JiuPifiett 
the paralyzing action of the inhibiting serum. In antieomple- 
ment actions the quantitative relations itttween wnlaireptor. 
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fit, and anticomplement nrn so important that the failure 
ion wh m large amounts of amboceptor tiro employed 
wrlbed to the disproportion between the reacting sub- 
TIijh phase of the subject him been investigated by Mor- 
fid Hnehs. 1 Finally mention should be made of a fact 
»y Pfeiffer and Friedbergc*r which strongly supports Urn 
crnent theory. By means of bacterial absorption they 
in converting normal rabbit, goat, and pigeon serum 
iting serum, but failed to convert giunoa-pig serum. Yet 
cBtabliHlied by experiments in this direction that banter- 
u*h place in the peritoneal cavity of guinea pigs, that, 
on Is, these animals do furnish complement. The negative 
lined with guinea-pig jwrwn, therefore, may lie regarded 
■fig the absence of autoanticomphuncntH, and the exper- 
niff additional reason for believing that the antagonistic 
i ob.wrvt.td by Pfeiffer and Friffclbergi.tr arcs probably 

tsnroth at#! ftieht. itcrliner klin. Wochenffchrift, No, IIS, IftffJ. 






XLY. THE POWER OF NORMAL SERUM TO DEFLECT 

COMPLEMENT. 1 


By Dr. Hans Sachs, Member of the Institute. 

In' a previous paper 2 the writer discussed the action of certain 
substances in normal scrum which, according to Pfeiffer and tried- 
berger, 3 exerted antibacteriolytic effects. A recent study by Guy 4 
leads me to take up the subject anew. Pfeiffer and Friodhorgct 
had shown that normal sera which by themselves pot-wt-wd no 
antibacteriolytic properties, acquired such properties if tiny were 
previously digested with bacteria. Moreover the sera obtained 
by this treatment exert specific antilytic properties, that is to miy, 
a scrum digested with cholera vibrios protectB only chlorea vibrios 
against bacteriolysis, etc. I thereupon studied the name condi¬ 
tions by means of haemolytic test-tube experiments, and wan able 
to confirm the author's findings. Rabbit we rum digested with 
sheep blood-cells exerts antihscmolytic effects directed practically 
entirely against the haemolysis of sheep blood. My conception 
of the mechanism of this action differs from that of Pfeiffer and 
Friedberger only in that I do not regard the inhibiting utibitiincfi 
concerned as new, hitherto unknown bodice. 1 belbve that thin 
inhibiting effect, at least in the case of hemolysins, is due to ambo 
ceptors, acting, as they often do, like anticomplomont#. That 
such amboceptors occur in normal serum is well known from nu¬ 
merous observations. At any rate, the views of Pfeiffer and fried¬ 
berger and my own probably agree in regarding the inhibiting 
substances in the serum as preformed, their action in nativu serum 


1 Beprinted from Centralblatt f. Bacteriologie, Vbl. XL, 1060. 

3 Sachs. Deutsche med. Wochenschrift, No. IS, 1005. 

3 Pfeiffer and Freidberger, ibid. No. 1 , and also Ho. 29, 1901 , 

4 Cay, Centralblatt Baeteriologie, Grig. XXXIX, 1001, Bf» rnltPO Biwitt- 
Gay, Collected Studies, Wiley & Bans, 1000. 
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being hidden by the normal amboceptors which are removed by 
the digestion with blood-cells or bacteria. 

Gay believes otherwise. He has repeated my experiments, 
especially those dealing with haemolysis, and concludes that my 
explanation is u certainly incorrect/ 7 Gay believes that the cause 
of the phenomenon described is to be sought in a binding of com¬ 
plement by precipitates. According to him the precipitin is in the 
sheep-blood immune serum; the precipitable substance is in the 
rabbit serum digested with sheep b'ood and comes from traces of 
serum remaining on the sheep blood after insufficient washing. 
This explanation, at first sight, seems most reasonable. We know 
from the researches of Gengou 1 that the combination resulting 
from the union of serum albumin and a corresponding antiserum 
has the power to bind complement. Through the recent investiga¬ 
tions of Moreschi 2 and of Gay 3 a great deal of interest has been 
aroused in this property, and M. Neisser and I 4 have reported on 
experimental studies in which we sought to utilize the complement¬ 
binding power of albuminous bodies laden with antiserum in a 
forensic blood test. For the question here at issue it matters not 
whether the precipitate as such absorbs the complement, or whether, 
as we believe, the albuminous bodies are sensitized by specific 
amboceptors in Gengou's sense, so that they then bind the com¬ 
plement just as do sensitized cells. The main point is that accord¬ 
ing to Gay's view the inhibition of haemolysis must be due to the 
interaction of sheep serum and the immune serum acting on sheep 
blood. 

The experiments made by Gay apparently corroborate his assump¬ 
tion. Thus when the sheep-blood corpuscles used for treating the 
rabbit serum were washed five successive times with physiological 
salt solution, he found that the centrifuged rabbit serum no longer 
produced inhibition, whereas when the serum was treated with 
sheep blood washed but once, it produced the inhibition which 
I had described. The difference which I observed in the behavior 
of normal, and immune amboceptors of rabbit serum, so far as 
the inhibiting action of rabbit serum treated with sheep blood 
is concerned, Gay believes, is only an apparent one. Normal 


1 Gengou, Annales Pasteur, Tome XVI, 1902. 

3 Moreschi, Berliner klin. Wochenschrift, No. 37, 1905. 

3 Gay, Centralblatt Bacteriologie, Orig. XXXIX, 1905. 

4 Neisser, M., and Sachs, Berliner klin. Wochenschrift, No. 44, 1905. 
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serum simply does not contain the antibodies (precipitings) acting 
on the sheep serum, and this is why there is no inhibition. In 
one experiment, however, I called attention to the fact that the 
haemolysis of blood cells sensitized only with immune serum is 
prevented by the inhibiting serum, whereas blood-cells sensitized 
with immune serum and then also with normal scrum are dissolved 
under these conditions. In both cases after the amboceptors had 
been anchored I separated the serum fluid by centrifuging, It 
so happened that I expressed myself somewhat differently in the 
second case, and this has led to a misconception. In the second 
case I said "the blood-cells were digested with serum and then 
freed from serum fluid by centrifuging"; in the first case I merely 
said “the reagent used was sheep blood sensitized with immune 
serum.” By “sensitized blood,” of course, I mean blood-cells 
which, after treatment with amboceptors, are separated by centrifuge. 
In fact, in another experiment contained in this study I expressly 
state “sheep blood-bimmune serum.” However, I am willing to 
admit that my mode of expression might give rise to doubts. Gay, 
however, seems to know my experimental technique better than 
even I myself. He declares simply that I had centrifuged in the 
second case, i.e., had removed the precipitating portion of the 
immune serum, and had not done so in the first case. My experi¬ 
ments therefore contained “a grave experimental error.” Through 
his own experiments, Gay believes to have furnished “a complete 
refutation of Sach’s hypothesis.” 

Gay has made a regrettable mistake. Moreover, in repeating 
my experiments he has allowed a grave error to creep into his own 
technique. It really is immaterial, in my experiments, whether the 
immune serum is centrifuged from the blood-cells or not, since the 
immune serum I employ has so high an amboceptor content that the 
quantity used for sensitizing (0.002 cc.) is only about 1-200 of that 
employed by Gay. According to my experience, this quantity is 
too small to effect a precipitation or sensitization of the albuminous 
bodies of the serum. Nevertheless I have made a number of exper¬ 
iments with my immune serum according to the procedure outlined 
by Gay. I treated rabbit serum with sheep blood washed mum, 
and also with sheep blood washed five times. Both lots of serum 
so treated proved equally antihsemolytic, whereas native rabbit 
serum possessed no inhibiting action whatever. This is illustrated 
by the following protocol. 
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Decreasing amounts of inactive rabbit serum are digested with 0.05 cc. 
guinea-pig serum. Then 1 cc. 5% sheep blood washed five times plus 0.0015 cc. 
amboceptor (serum from a rabbit immunized with ox blood) are added. In 
the following table 

# A denotes native rabbit serum; 

B rabbit serum treated with sheep blood washed once; 

C rabbit serum treated with sheep blood washed five times. 


Amounts of 


Degree of Haemolysis. 

Rabbit Serum. 





cc. 

A 

B 

C 

1.0 



0 

0 

0.5 



0 

0 

0.25 

0.15 


- complete 

0 

moderate 

0 

moderate 

0.1 



11 

11 

0 



complete 

complete 


The experiment by which Gay seeks to explain my results is 
therefore entirely valueless so far as my experiment is concerned. 
To be sure, Gay believes to have followed my technique exactly, 
yet in one important point he has not done so. The haemolytic 
immune serum with which he worked was markedly weak, the 
solvent dose being 0.2 cc., while 0.001 cc. of my serum still brought 
about complete solution. Gay employed 0.4 cc. immune serum, 
while I used but 0.002 cc., i.e., 1-200 of his dose. It is very well 
possible that the antibodies which sensitize serum albuminous 
bodies, the precipitating substances as Gay believes, are present 
in 0.4 cc. immune serum; in amounts as small as 0.002 cc. they 
are almost certainly absent, and I never observed any precipitin 
action with these amounts. It is evident, therefore, that with the 
large doses of immune serum employed by Gay the presence of 
slight amounts of sheep serum might well make a difference in the 
result, while this would be a negligible factor in my experiments. 

But how are we to explain the fact that Gay after treating the 
rabbit serum with sheep Blood which had been washed five times 
was unable to demonstrate the inhibiting action described by me? 
This again is due to the unfortunate employment of the weak immune 
serum. Gay has evidently been working with normal amboceptors. 
It is well known that rabbit serum normally dissolves sheep blood, 
and the ordinary strength of this haemolytic power corresponds 
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entirely to that of Gay's immune serrum. The complete solvent 
dose of normal rabbit serum fluctuates in most instances between 
0.25 and 0.1 cc. The solvent dose of Gay's immune serum was 
0.2 cc. The quantity employed by Gay, 0.4 cc., probably suffices 
with any rabbit serum to completely dissolve Ice. 5% sheep blood 
on the addition of 0.1 cc. guinea-pig serum. Hence it is not at all 
impossible that Gay employed a serum which contained no immune 
amboceptors whatever, and represented merely an albumin anti¬ 
serum. If amboceptors were artificially produced, they were 
certainly present in so small concentration as to be unable to in¬ 
crease the action of the normal amboceptors to any appreciable 
degree. In my paper, however, I distinctly stated that the inhibit¬ 
ing sera obtained by treatment with blood-cells acted only against 
hseomlysis produced by immune amboceptors, and that this anti- 
lytic action was prevented by the action of the normal amboceptors. 
Just this constituted my explanation for the absence of the inhibit¬ 
ing function in native serum, for I assumed that the inhibiting 
antibodies were already present in native rabbit scrum and were 
merely hidden by the simultaneous action of the specific normal 
amboceptors. 

Gay's experiments thus constitute an involuntary complete con- 
fimation of my views, and it is to be regretted that Gay has allowed 
himself to be so misled in the interpretation of my experiments. The 
incorrectness of his views should have struck him from a numlx?r 
of statements in my first paper. If his idea was correct it follows 
that the inhibiting action should appear in every rabbit serum 
treated with insufficiently washed sheep or ox blood. I distinctly 
stated, however, that I could only then demonstrate an inhibiting 
effect through absorption with blood-cells when the serum under 
examination from the outset contained amboceptors for the species 
of blood in question. I said particularly that normal rabbit serum, 
which contains no amboceptors for ox blood, is in no w iso changed 
by absorption with ox blood, i.e., it neither before nor after treatment 
with ox blood does it inhibit haemolysis of sheep blood by immune 
serum, while on the haemolysis of ox blood it exerts the same inhibit¬ 
ing power before and after treatment. Finally I called attention 
to a number of rabbit sera in which, quite exceptionally, the ambo¬ 
ceptors for sheep blood were absent. These sera from the outset 
were antilytic for the hsemolysis of sheep blood, and they remained 
so in unaltered degree after digestion with sheep blood. After 
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all this it is absolutely necessary to conclude that the inhibiting 
substances are already present in native serum, and that their action 
in this serum is merely disguised by the simultaneous action of the 
normal amboceptors. If the latter are removed by absorption 
with blood-cells, the antilytic power of the inhibiting substances 
becomes manifest. Gay's attempt to refute this conception has 1 
thus come to naught, and all because of a circumstance in his tech¬ 
nique which Gay himself perhaps not unjustly, would term a “grave 
experimental error/' 






XLVL THE JOINT ACTION OF SEVERAL AMBOCEPTORS 
IN HAEMOLYSIS AND THEIR RELATION TO 
THE COMPLEMENTS . 1 

By Drs. H. Sachs and J. Batter. 

There is still no unanimity of opinion concerning the mechanism 
of the cytotoxic action of blood serum. Most of the authors, to 
be sure, have accepted the amboceptor theory of Ehrlich and Mor- 
genroth. According to this view, the thermostable components 
of the serum posses two haptophore groups, one combining with 
the cell and the other with the complement, the labile component 
of the serum. Bordet, however, continues most ingeniously to 
defend an opposing view. In the sensitization theory advocated 
by this distinguished investigator, the existence of a direct relation¬ 
ship between amboceptor and complement is denied. Accord¬ 
ing to this view, which is based on molecular adhesion, the cell 
is sensitized by the amboceptor so that it becomes vulnerable to 
the action of the complement. So far as can be discovered blood 
cells (which constitute the ordinary material on which to study the 
mechanism of amboceptor action) do not by themselves react with 
complement, and it has therefore been impossible to prove the cor¬ 
rectness of the sensitization theory experimentally. The theory 
can only be defended indirectly, by showing that there is no direct 
relation between amboceptor and complement. Bordet's demon¬ 
strations have therefore been limited to pointing out objections 
in experiments supporting the amboceptor theory. It is not our 
intention to present all the material bearing on this point. One 
of us 2 has recently reviewed the subject on the ilght of our present 
knowledge. Suffice it to say that the refutation of experiments 


1 Reprinted from Arbeiten u. d. kgl. Institut f, experimentelle Therapie zu 
Frankfurt a. M. Heft 3, Jena, 1907. 

2 Sachs, Die Hsemolysine und die cytotoxischen Sera. Lubarsch-Ostertags 
Ergebnisse der Pathologie. Vol. 11, 1907. 
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which appeared clearly to indicate the direct union of amboceptor 
and complement is not at all sufficient to overthrow the ambo¬ 
ceptor theory. Attacking our interpretation of a phenomenon 
which played an important role in proving the existence of direct 
relations between amboceptor and complement, Bordet and Gay 1 
in a recent paper, report an experiment which they believe con¬ 
troverts our view. Going still further, these authors conclude that 
the amboceptor theory must be abandoned as fallacious. We fail 
to see the force of this conclusion. For even if the proof adduced 
by Bordet and Gay in this single instance were accepted as irre¬ 
futable, it would only show that the direct demonstration of the 
amboceptor thoery is impossible. The authors have not brought 
forward a single fact which contradicts the amboceptor theory. 
If, then, in the following pages we take up at length the observa¬ 
tions of Bordet and Gay, it is not because we consider it necessary 
to renew the old discussion “ amboceptor or substance sensibilatrice?” 
but merely because of the great interest of the observations. Further¬ 
more the interpretation given by the authors is so peculiar that it 
demands further analysis. 

I 

The case discussed by Bordet and Gay deals with a combina¬ 
tion previously described by Ehrlich and Sachs , 2 namely haemolysis 
of guinea-pig blood through the combined action of inactive ox 
serum and active horse serum. Ehrlich and Sachs had found that 
guinea-pig erythrocytes, which can be dissolved by a mixture of 
inactive ox serum and horse serum, remain intact if they are first 
treated with inactive ox serum, and then, after removing the ox 
serum, are digested with horse serum. This showed that the con¬ 
stituent of ox serum has not been bound by the blood cells. It 
was to be assumed that this constituent represented the amboceptor, 
and Ehrlich and Sachs therefore rightly concluded that in this 
case the amboceptor had not been bound by the blood-cells, that 
it reacted with the cell only after the amboceptor and complement 
had combined. The same combination was subsequently studied 

1 Bordet et Gay, Annales de lTnstitut Pasteur, No. 6, VoL XX, 1906. 

* Erhlich and Sacbs, Berliner Min. Wocbensebr. No. 21, 1902. Bee also 
ibis volume, page 209. 
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by Klein, 1 who found that horse serum, through digestion with 
guinea-pig blood, loses its complementing power for the combina¬ 
tion “guinea-pig blood inactive ox serum.” Finding that the horse 
serum suffered a loss of its agglutinin at the same time, Klein ad¬ 
vanced the view that the complement was destroyed by the pro¬ 
cess of deglutination. This view was combated by Browning, 2 
who showed that the complements of horse serum remain unaffected 
if the guinea-pig blood-cells are digested with the serum at low 
temperatures (0°C.), although optimum conditions for the agglu¬ 
tinating action and for the binding of agglutinin are thus presented. 
Browning believes that the reason for the disappearance of com¬ 
plement through digestion at higher temperatures, lies in the fact 
that horse serum^ contains amboceptors for guinea-pig blood, which 
amboceptors serve to bind the complement only at higher tem¬ 
peratures. That amboceptors for guinea-pig blood exist in horse 
serum was demonstrated by Morgenroth and Sachs, 3 who show 
that horse serum plus active guinea-pig serum was able to produce 
haemolysis of guinea-pig blood-cells. 

These authors demonstrated further that horse serum alone, 
even in large doses, only rarely dissolved guinea-pig blood-cells, 
This showed that horse serum usually did not contain the suitable 
“dominant” complement fitting its own amboceptor for guinea- 
pig blood. It is well known that an amboceptor which has been 
anchored to a cell is able to rob an active serum of all its comple¬ 
ment functions. Furthermore, according to Ehrlich and Sachs, 4 
under certain conditions even “non-dominant” complements 
may be anchored while “dominant” complements remain in solu¬ 
tion. Hence the explanation offered by Browning presented no 
difficulties. Browning assumed that the horse serum complement, 
dominant for the ox amboceptor but not dominant for the horse 
amboceptor, is absorbed by guinea-pig blood through the agency 
of the serum's own amboceptor. The loss of complement described 
by Klein was thus readily explained on the basis of the ambo- 


1 Klein, Wiener klin. Wochenschr., No. 48, 1905. 

2 Browning, Wiener klin. Wochenschr., No. 15, 1906. 

3 Morgenroth and Sachs, Berliner klin. Wochenschr., No. 27 , 1902. See 
also page 233. 

1 Ehrlich and Sachs, Berliner kiin. Wochenschr. 1902, Nos/14 and 15. See 
also this volume, page 195. 
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ceptor theory. Browning also showed that a similar effect could 
be produced with other species of blood which by themselves were 
unable to rob horse serum of its complement. It was merely neces¬ 
sary to introduce a specific amboceptor. Ox-blood, for example, 
has no influence on horse serum. Nevertheless, when treated with 
a specific amboceptor derived from a rabbit, it binds the horse 
serum complement fitting inactive ox serum, and this binding 
occurs without the prepared cells being dissolved by the horse serum. 
According to Browning, therefore, haemolysis of guinea-pig blood 
brought about by the combined action of inactive ox serum and 
active horse serum is to be explained as follows: The affinity pos¬ 
sessed by the ox amboceptor for horse complement is greater than 
that possessed by the free horse amboceptor. Haemolysis occurs 
if the ox serum and horse serum are added at the same time. If, 
however, the horse serum is first digested with guinea-pig blood, 
the horse amboceptor will unite with the blood-cell. This union 
leads to an increase in the affinity of the complementophile group 
and causes the complement to be anchored to the horse amboceptor. 
The union between complement and amboceptor becomes more 
and more firm, so that after a time not even the ox amboceptor, 
which really possesses a higher affinity than the horse amboceptor, 
is able to disrupt the combination. (See figures 1 and 2 of the 
accompanying plate.) 

It is apparent that Bordet and Gay were unacquainted with 
the work of Browning. The experiments they report are largely 
identical with those made by Klein and Browning. The follow¬ 
ing interesting experiment, however, is entirely new: Ox blood-cells 
loaded with amboceptor do not dissolve in horse serum, but do dis¬ 
solve in a mixture of active horse serum plus inactive ox serum. 
In this case, the authors rightly reason, the ox serum cannot pos¬ 
sibly act as an amboceptor, but must represent a constituent neces¬ 
sary for haemolysis, but identical neither with the amboceptor 
nor with the complement. Analogously, in the combination guinea- 
pig blood plus inactive ox serum plus horse serum, the horse serum 
is believed to act, not as an amboceptor, but as a third component 
effecting haemolysis. Bordet and Gay thus assume that ambo¬ 
ceptor and complement are present in horse serum but are unable 
to effect haemolysis without the presence of the third component 
present in ox serum. This hypothetical substance they term 
“colloide de bceuf.” According to Bordet and Gay, this colloid 
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has the following properties: It is stable, resisting long standing 
and heating to 56°. It is bound by the blood-cells only after these 
have been loaded with amboceptor and complement. When so 
bound it effects agglutination and haemolysis. Bordet and Gay 
thus assume the existence of an entirely new substance in horse 
serum, and ascribe to it very important properties. The inter¬ 
pretation which these authors give of the phenomenon described 
by Ehrlich and Sachs is merely an hypothesis entirely lacking in 
proof. Granted that the role of the ox serum in the haemolysis 
of sensitized ox blood by means of horse serum cannot be looked 
upon as an amboceptor action, this by no means j ustifies the analogous 
conclusion that in the haemolysis of guinea-pig blood by inactive 
ox serum and horse serum the ox serum does not play the part 
of an amboceptor. It should at least be shown that guinea-pig 
blood digested with horse serum (whereby, according to the view 
of Bordet and Gay, amboceptor and complement are bound) is 
haemolyzed on the subsequent addition of inactive ox serum. Klein 
and Browning, however, showed that this was not the case. The 
latter, moreover, offered an explanation which harmonized per¬ 
fectly with the amboceptor theory. Bordet and Gay themselves 
failed when they attempted this crucial experiment. From the 
fact that guinea-pig blood-cells which have been treated with horse 
serum are strongly agglutinated by inactive ox serum, they con¬ 
clude, however, that a binding of the “colloid” has occurred. We 
should like to point out that haemolysis and agglutination cannot 
be regarded as due to one and the same substance, and that con¬ 
sequently there is no justification for the conclusion drawn by these 
authors concerning the haemolytic constituent of ox serum. Bordet 
and Gay, to be sure, seek to explain the failure attending this impor¬ 
tant (for their conception) experiment by regarding the absence 
of hsemolysis as due to a marked antagonistic effect exerted by the 
strong agglutination. They found that such agglutinated blood- 
cells would not dissolve even when they were resuspended in a 
fresh mixture of inactive ox serum and horse serum. We look in 
vain, however, for an experiment which would have decided the 
question absolutely. Thus, if the guinea-pig blood-cells digested 
with horse serum really do absorb the haemolytic component of 
ox serum, it should be possible to show that the ox serum has lost 
the power to dissolve guinea-pig blood in conjunction with horse 
serum. Bordet and Gay do mention that inactive ox serum which 
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had been treated with sensitized ox blood previously digested with, 
horse serum does dissolve guinea-pig blood in conjunction with 
horse serum less rapidly and less actively than does native (i.e., 
untreated) ox serum. We should imagine that, according to the 
views of Bordet and Gay, the ox serum in this case would have 
been completely exhausted. Be this as it may, the fact remains 
that the one dicisive experiment has not been made. 

II. 

In our experiments, therefore, we first sought to fill this gap. 
We made use of 5% suspensions of guinea-pig blood-cells, which, 
of course, were washed free of serum. The ox serum was inact¬ 
ivated by half an hour's heating to 53-54°. In all the tests the 
mixtures were brought up to the same volume with physiological 
salt solution, and this volume was never less than 2 cc. nor more 
than 2.3 to 2.5 cc. The titration of the horse serum is shown in 
the following table. 

TABLE I. 


Amount of 
Active 

Horse Serum, 
cc. 

Haemolysis of 1 cc. 
by Means of 

3 

r o Guinea-pig Blood 
orse Serum. 

A 

On the Addition of 
0.1 cc. Inactive 

Ox Serum. 

B 

Without an y 
Further Addition. 


complete 



0.35 

complete 



0.25 

almost complete 




moderate 


0 

0.1 

little 



0.05 

trace 



0 

0 




After this to each 1 cc. 5% suspension guinea-pig blood was added 0.35 cc. 
horse serum, i.e. ; sufficient to surely activate, and the mixtures digested at 
37° for one hour. A test of the decanted fluids showed that the active principle 
had been bound by the blood-cells. (See Table II.) 

The blood sediments which had thus been treated with horse serum were 
next digested for one hour at 37° with decreasing amounts of inactive ox 
serum. No haemolysis occurred. The tubes were then centrifuged and the 
decanted fluids digested with 0.35 cc. horse serum plus the sediment from 
1 cc. 5% guinea-pig blood. (Series A.) 
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TABLE II. 


Amount of 
Inactivated 
Ox Serum, 
cc. 

Haemolysis of 1 cc. 5 % Guinea-pig Blood 
by Inactivated Ox Serum Plus 0.35 cc. 
Horse Serum. 

A 

Native Horse 
Serum. 

B 

Horse Serum Digested 
with Guinea-pig 
Blood. 

0.25 

complete 

trace 

0.15 

faint trace 

0.1 

11 

0 

0.05 

moderate 

0 

0.025 

trace 

0 

0 

0 

0 


In a control series (Table II, B), the sediment from 1 cc. 5 % guinea-pig 
blood was mixed with 0.35 cc. horse serum plus the decanted fluids from 1 cc. 
5 % guinea-pig blood. The latter had also been digested with decreasing 
amounts of inactive ox serum, without, however, having previously been 
treated with horse serum. The result is shown in Table III. 


TABLE III. 


Amount of 
Inactive 

Ox Serum, 
cc. 

Haemolysis of 1 cc. 5% Guinea-pig Blood 
by 0.35 cc. Horse Serum and 
Inactive Ox Serum. 

A 

Ox Serum Treated . 
with Blood Pro- 
Digested with 
Horse Serum. 

B 

Ox Serum Treated 
with Native Blood. 

0.25 ! 

complete 

complete 

0.15 1 


0.1 

almost complete 

almost complete 

0.05 

moderate 

moderate 

0.025 

trace 

trace 

0 

0 

0 


The table clearly shows that the guinea-pig blood does not absorb 
the active principle of the ox serum even when the blood is first 
digested with horse serum. We were able to confirm the result 
by repeating the experiment several times. The assumption of 
Bordet and Gay, according to which the hypothetical colloid of 
ox serum (the carrier of the haemolytic action) is bound by blood- 
cells which have been digested with horse serum, is thus shown 
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to be incorrect. We may add that we too observed marked agglu¬ 
tination on adding ox serum to the guinea-pig blood previously 
treated with horse serum. Nevertheless, on testing the ox serum, 
separated by centrifuge, we found that this still possessed all its- 
power to effect haemolysis of guinea-pig blood in conjunction with 
horse scrum. 

By this we do not intend to combat the statements of Bordet 
and Gay, that guinea-pig blood treated successively with horse 
serum and inactive ox serum is resistant to the haemolytic action, 
of the active mixture. We too have made similar observations, 
though we noted that haemolysis was absent only when the guinea- 
pig blood-cells had been treated with an excess of horse serum. 
Under these circumstances it was immaterial whether the pre¬ 
vious treatment was only with horse serum or whether treatment 
with horse serum was followed by digestion with inactive ox serum. 
It is to be noted, however, that even when the guinea-pig blood- 
cells were found resistant, there was no absorption of the haemolytic 
. component of the ox serum: 

In the following experiment, which illustrates the conditioiiB 
just described, we first determined the minimum amounts of active 
horse serum and inactive ox serum which, combined, just sufficed 
to produce complete haemolysis. This dose was found to be 0.25 
cc. for each. 

Two parallel series were prepared. To 1 cc. 5% guinea-pig blood were 
added decreasing amounts of active horse serum. The mixtures were kept 
at 37° for one hour, and then centrifuged. 

Series A. The sediments of series A were digested with 0.25 cc. activo horse 
serum and 02.5 cc. inactive ox serum, the whole being made up to about 
2.25 cc. with physiological salt solution. 

Series B. The sediments of series B were onefe more digested for one hour 
at 37° with 0.25 cc. inactive ox serum (and salt solution). The mixtures were 
then centrifuged and the sediments thus obtained mixed with 0.25 cc. horse 
serum plus 0.25 cc. inactive ox serum. 

Series C. The supernatant fluids separated by centrifuge in series B were 
mixed with guinea-pig blood and with 0.25 cc. horse serum. (Total volume 
about 2.25 cc.) 

The result is shown in Table IV. 

The table shows that the guinea-pig blood-cells do not lose 
their normal susceptibility when they are treated with a dose of 
horse serum sufficient to produce complete haemolysis (0.25 cc.). 
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TABLE IV. 


Amount of Horse 
Serum Used for 
Treating the 
Blood-cells, 
cc. 

Haemolysis of 1 cc. 5% Guinea-pig 
Blood in 

Series A. 

Series B. 

Series C. 

1.0 

trace 

trace 

complete 

0.5 

moderate 

moderate 

< t 

0.25 

complete 

complete 

t c 

0.15 

11 


0.1 

tt 

11 

({ 

0 

iC 

11 

< i 


It also shows that an excess of horse serum gives rise to an increased 
resistance of the blood-cells toward what is otherwise a haemolytic 
mixture, and this effect is produced whether or not ox serum is 
subsequently allowed to act on the cells. Moreover, from Column 
C, we see that in this case also the ox serum has not lost its ability 
to produce haemolysis in conjunction with horse serum. Con¬ 
cerning the cause of the resistance produced by treating guinea- 
pig blood-cells with horse serum alone or with horse serum and 
ox serum, we can only conjecture. It is quite possible that the 
effect is due to an antagonism between agglutination and haemol¬ 
ysis, as suggested by Bordet and Gay. It is also conceivable that 
horse amboceptor and ox amboceptor attack the same receptors 
of the blood-cells, and that preliminary treatment with an excess 
of horse serum blocks the way for the ox amboceptor. Be this as 
it may, our experiments show that the ox serum component con¬ 
cerned in this haemolysis is not bound when the guinea-pig blood- 
cells are first digested with active horse serum. Bordet and Gay's 
assumption, that ox serum produces this haemolysis through a 
“ colloid ” constituent which acts only after amboceptor and com¬ 
plement have combined with the guinea-pig blood-cell, must there¬ 
fore be abandoned. On the other hand, Klein's observation, that 
guinea-pig blood previously treated with horse serum is no longer 
dissolved by inactive ox serum, is readily explained in accordance 
with the ideas expressed by Browning. The horse serum comple¬ 
ment, though not dominant for the horse amboceptor, is anchored 
to the cell by means of this amboceptor, and thus is no longer 
available for the ox amboceptor. We have tried to illustrate the 
conditions in Figs. 1 and 2 of the accompanying plate. It may be 
added that in this case it is impossible to produce haemolysis either 
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by employing an excess of ox serum, or by employing the min¬ 
imum complete solvent dose of horse serum for the preliminary 
treatment of the guinea-pig blood-cells. In contrast to this, the 
blood-cells which have been previously treated with horse serum 
only then fail to hsemolyze on the addition of ox serum plus horse 
scrum when the amount of horse serum used for the preliminary 
treatment is excessive. As we have seen, Bordet and Gay regarded 
the resistance of the cells against ox scrum alone and against the 
combined action of ox serum and horse serum as having a common 
origin. From what has been said it is apparent, however, that 
these phenomena will have to be considered separately. In the 
former case complement is absent, and the inhibition is therefore 
absolute. In the latter case complement is present, the absence 
of haemolysis being a secondary effect dependent on quantitative 
relations. In the case described by Ehrlich and Sachs, in which 
guinea-pig blood is haemolyzed by inactivated ox serum and horse 
serum, we do not see the least reason for abandoning the explana¬ 
tion offered by the authors. According to this, it will be remem¬ 
bered, the amboceptor is contained in the ox serum. In this com¬ 
bination it is absolutely unnecessary to assume the existence of 
a third component which takes part in the haemolytic action. 

Nevertheless we sought to find additional evidence to show 
that the two components of horse serum and inactive ox serum 
were directly related to one another, or that the amboceptor con¬ 
tained in horse serum played no part in the haemolysis. In this 
we were successful in more ways than one. If it is necessary for 
ox amboceptor and horse complement to first unite and form an 
active haemolysis before combining with the cell receptors, we should 
expect that haemolysis would result more quickly if horse serum 
and ox scrums were digested for a time before adding the blood, 
than if all three components were mixed at once. We therefore 
proceeded as follows: 

Two series of tubes were prepared: 

Series A . Decreasing amounts of horse serum (total volume 0.75 cc.) were 
kept for one hour at 37®. Then 1 cc. 5% guinea-pig blood plus 0.5 cc. inactive 
ox serum are added to each tube. 

Series B. Decreasing amounts of horse serum are digested for one hour 
at 37° with 0.5 cc. inactive ox serum, after which 1 cc. 5% guinea-pig blood 

is added to each tube. 

The degree of haemolysis was noted at the end of 5, 15, and 30 minutes 
And after two hours. The result is shown in Table V. 
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TABLE Y. 


Amount 

of 

Horse 

Serum. 

cc. 

Degree of Haemolysis. 

Series A. 

Series B. 

5 Min. 

15 Min. 

30 Min. 

2 Mrs. 

5 Min. 

15 Min. 

30 Min. 

*J Hr*. 

0 .75 

0 

0 

strong 

complete 

strong 

complete 

complete 

complii ti 

0.5 

0 

0 

moderate 

“ 

“ 

/ almost 
\ complete 

*' 

• . 

0.35 

0 

0 

slight 

stroT s 

0 

mod (irate 

/ almost 
\ complete 

• * 

0.25 

0 

0 

0 

slight 

0 

0 

strong 

HtrofljK 

0.15 

0 

0 

0 

trace 

0 

0 

slight 

idintif 

0 1 

0 

0 

0 

faint trace 

0 

0 

t) 

t rare 

o !os 

0 

0 

0 

0 

0 

0 

t) 

fnint true** 

0 

0 

0 

0 

0 

0 

! 0 

0 

II 


The table shows that haemolysis is actually more rapid when 
horse serum and inactive ox serum are first allowed to remain in 
contact for a time. During this time the ox amboceptor and home 
complement have entered into combination, and the period of 
incubation preceding haemolysis is thus shortened. Moreover, 
as can be seen from the table, the final haemolytic effect may also 
be somewhat greater when ambloeeptor and complement are first 
digested together. The reason for this evidently lies in a slight 
impairment of the horse complement as a result of the one hour’s 
heating to 37°, the combination of ox amboceptor and horse com¬ 
plement evidently being more resistant. It need hardly be men¬ 
tioned that these results are incompatible with the colloid theory. 

If we could remove the amboceptors of horse scrum it would 
be possible to demonstrate directly the amboceptor rdle played 
by the ox serum. It is well known that a method devised by Ehr¬ 
lich and Morgenroth 1 enables us to separate the amboceptor and 
complement of an active serum. Thus, By digesting red blood- 
cells at 0° with an active scrum, it will be found that only ambo¬ 
ceptor has been bound; the complement remains in the fluid. In 
the case of the normal hsemolysins, to be sure, a difficulty arises* 
from the fact that the binding of amboceptor at 0° is usually in¬ 
complete, some of the amboceptor remaining unbound. So in 
the case of the amboceptors of horse serum, we know from the work 
of Browning that at 0° guinea-pig blood-cells bind them only up to 


1 Ehrlich and Morgenroth, Berliner klin. Wochenschr., 1899. See also ihm 
volume, page 1. 
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a certain point. The portion bound, to be sure, is not inconsider¬ 
able. It is to be noted, however, that horse serum treated with 
guinea-pig blood at 0° loses practically none of its power to effect 
haemolysis in conjunction with inactive ox serum. According 
to Bordet and Gay's conception, provided that any considerable 
quantity of amboceptor had been bound, this should not be the 
case, for in the opinion of these authors the horse serum plays the 
role of amboceptor in the haemolysis. A decrease in the quantity 
of amboceptor should, of course, manifest itself by a reduction 
in the haemolytic power. It might be objected that the ambo¬ 
ceptor in horse serum exists in excess, and that therefore it was 
entirely irrelevant whether a portion was present or absent. This 
objection, however, can be tested experimentally. Suppose, for 
example, that the horse serum digested at 0° with guinea-pig blood, 
still contained enough amboceptor to produce, in conjunction 
with inactive ox serum, the full haemolytic effect as conceived by 
Bordet and Gay. It is obvious that when such a serum is subse¬ 
quently treated with guinea-pig blood at 37° the impairment in 
the ability to bring about haemolytic effects should be as great or 
even greater than that produced in native horse scrum. The 
experiment, however, shows that just the contrary is the case. The 
conditions are really reflected in Table 2 of Browning's paper. 
We shall, however, reproduce the result of an analogous experiment. 

Three series of tubes are prepared, each containing 1 cc. 5% guinea-pig 
blood and decreasing amounts of horse serum diluted with the same amount 
of physiological salt solution. The total volume in each tube is 2 cc. 

The tubes of series A are kept at 37° for 1£ hours and then centrifuged. 
The supernatant fluids thus obtained are then digested with the sediments 
from 1 cc. 5% guinea-pig blood plus 0.3 cc. inactive ox serum. 

The tubes of series B are centrifuged after having been kept at 0° for two 
hours. The supernatant fluids are treated as is series A. 

The tubes of series C are centrifuged after having been kept at 0° for two 
hours. The supernatant fluids are digested for two hours at 37° with the sedi¬ 
ments from 1 cc. 5% guinea-pig blood. After again centrifuging, the super¬ 
natant fluids are treated with the sediments from 1 cc. 5% guinear-pig blood 
plus 0.3 cc. inactive ox serum. 

The result is shown in Table VI. 

The horse serum which underwent a preliminary treatment 
at 0° is thus seen to have lost but little of its power to bring about 
haemolysis, by the subsequent digestion at 37°. Certainly the 
reduction is considerably less than that produced by the direct 
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TABLE VI. 


Amounts of 
the Half-diluted 
Horse Serum, 
cc. 

Htemolysis of 1 

cc. 5% Guinea-pig Blood by 0.3 cc. Inactive Ox He rum 
and llorsc Serum. 

Native. 

Previously Treated with Guinea-pig Blood 

A. 

at 37° C. 

B. 

at 0° C. 

r 

at a* *-:t 7\ 

0.5 

complete 

almost complete 

complete 

t i 

com i dote* 

0.25 

strong 

0.15 


moderate * 

( i 

almost completfi 

0.1 

( c 

trace 

strong 

1 mot Ionite* 

0.05 

strong 

faint trace 

moderate 

slight 

0.025 

moderate 

0 

slight 

trait! 

0.0 

0 

0 

0 

O 


treatment of the native serum at 37°. Thin is all the more notice¬ 
able because in the above table a slight reduction of haemolytic 
power is shown as a result of digestion at 0°. This reduction is 
probably due to a slight loss of supernatant fluid in decanting the 
centrifugates. The result of the experiment is absolutely at var¬ 
iance with the colloid theory. Assuming that the horse; serum 
acts both as amboceptor and complement, while the ox serum, 
in accordance with the view of Bordet and Gay, furnishes a “ col¬ 
loid” which takes part in the harniolysis, it follows that successive 
treatment at 0° and 37° would effect a greater reduction of the 
active principle than a single treatment at 37°. The result, on 
the other hand, harmonizes perfectly with the; view expresses! 
by Ehrlich and Sachs, and could, in fact, have; been foretold on the 
basis of that conception. The horse serum furnishes only tin- 
complement. By treatment at 0° a portion of the amboceptor is 
removed, so that the serum thus becomes rich in complement but 
poor in amboceptor. On digesting such a serum once; more wit h 
guinea-pig blood, at 37°, a small amount of complement is removed 
through the intervention of what amboceptor still remain*. The 
loss of complement thus sustained is bound to bo lews than that 
observed when native serum (which is rich in amboceptor) is digested 
with guinea-pig blood. Our experimental analysis therefore 
shows that the interpretation offered by Bordet and Gay cannot 
be harmonized with the facts. In fact our study furnishes addi¬ 
tional confirmation for the view that in the case under discussion 
the ox serum acts as an amboceptor with the horse scrum as com¬ 
plement. 
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III. 

Our further efforts had, naturally, to he directed to a study of 
the experiment reported by Bordet and Gay which forms so 
important a link in their demonstration. It is based on the unique 
observation that ox blood laden with specific amboceptor does not 
dissolve in horse serum, but does so in a mixture of active horse 
serum and inactive ox serum. It is true that there is a certain 
external analogy between this phenomenon and the haemolysis of 
guinea-pig blood by the same mixture. In the haemolysis of the 
sensitized ox blood it is impossible that the ox serum acts as ambo¬ 
ceptor, and this leads Bordet and Gay to conclude that in the 
haemolysis of the guinea-pig blood the ox serum does not act as an 
apiboceptor. We have already seen that this conclusion is not 
warranted. It was felt, however, that it would be interesting to 
inquire more closely into the peculiar mechanism of the haemolytic 
action in the ox-blood combination, the more so since the view of 
Bordet and Gay, that the ox serum represents a “colloid” which 
dissolves the blood-cells previously prepared by amboceptor and 
complement, is an assumption devised for this particular case, and 
one which would constitute an entirely new kind of serum haemolysis. 
We therefore sought to find an explanation for the haemolysis in 
in question on the basis of phenomena previously observed. 

In our experiments we used an inactivated immune serum 
derived from a rabbit which had been immunized with ox blood. 
One cubic centimeter 5% ox blood was just completely dissolved 
(in the presence of 0.1 cc. guinea-pig complement) by 0.0005 cc. of 
this specific immune serum. In order to effect haemolysis of ox 
blood by the mixture “horse serum plus inactive ox serum” it was 
necessary to use 0.05 cc. amboceptor. In the following experiment, 
when speaking merely of prepared ox blood, it is understood that 
1 cc. 5% ox blood was treated with 0.05 cc. amboceptor. Amounts 
smaller than this did not suffice for complete haemolysis, and larger 
amounts had to be avoided because then even small amounts of 
horse serum alone would produce haemolysis. In fact according 
to our experience the prepared blood-cells are often haemolyzed to 
a greater or less extent by the horse serum alone when this is used in 
rather large doses. This frequently makes it impossible to deter¬ 
mine the dose of horse serum, which by itself is inert but which in 
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conjunction with inactive ox serum still produces complete htemolysis. 
Herein we see the first difference between this luemolysis and the 
haemolysis of guinea-pig blood, for in the latter the horse serum was 
always inert or only feebly haemolytic. Moreover, he have en¬ 
countered further marked differences which speak strongly against 
the identity of the mechanism in the two cases which Bordet and 
Gay cite as analogous. Thus it was found that an excess of ox 
serum inhibits the haemolysis of the prepared ox-blood cadis by horse 
serum plus ox serum, whereas the degree of hemolysis of the guinea- 
pig blood cells is proportionate to the amount of ox serum. This is 
shown in the following experiment: 

Two series of tubes were prepared: 

Series A. One cc. prepared 5% ox blood plus decreasing amounts of inactive 
ox serum plus 0.15 cc. horse serum (minimum amount). 

Series B. One cc. 5% guinea-pig blood plus decreasing amounts of inactive 
ox serum plus 0.25 cc. horse serum (minimum amount). 

The degree of haemolysis is shown in Table VII. 


TABLE VII. 


Amount of Inactive 
Ox Serum, 
cc. 

Series A. 

Series 11. 

1.0 

slight 

complete 

0.5 

moderate 

0.25 

almost complete 

11 

0.1 

complete 

1 < 

0.05 

moderate 

moderate 

0.025 

slight 

slight 

0.01 

trace 

trace 

0 

0 

0 

1 


The behavior of the ox serum in the two series is totally 
different, so that it is impossible to ascribe the action of the serum to 
one and the same cause. According to Bordet and Gay, however, 
the ox serum in both cases acts neither as amboceptor nor as com¬ 
plement, but participates in the reaction as a colloid m already 
discussed. From this standpoint it is impossible to understand the 
difference in the behavior or the ox serum in the two series. Looked 
at from our point of view, however, the difference is readily explained, 
for then we regard the ox serum as acting as an amboceptor in the 
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hemolysis of guinea-pig blood, but acting in quite another manner 
in the haemolysis of the prepared ox blood. 

Another difference between the two phenomena is presented 
by the following: If prepared ox blood-cells are successively digested 
with horse serum and inactive ox serum, no haemolysis occurs. This 
is entirely analogous to what is observed with guinea-pig blood- 
cells. While, however, when a large amount of horse serum has 
been used, the guinea-pig blood-cells are resistant to the combined 
action of horse serum and inactive ox serum, this is not the case 
with the prepared ox blood. Before going into details, however, 
it may be well to make certain general observations concerning the 
behavior of the components in the haemolysis of prepared ox blood. 
Thus it was found that to be impossible to replace the inactive ox 
serum by hog or rabbit serum. The same was true for inactive 
sheep serum, 1 whereas inactive goat serum in conjunction with horse 
serum acted like ox serum though weaker. 2 We also noted the effect 
of thermic influence on the components of horse serum 3 and found 
that the ox serum could be heated for half an hour to 55° without 
affecting its action, while on heating for half an hour to 65° it lost 
its power to dissolve prepared ox blood in conjunction with horse 
serum. So far as the relation of the individual components to the 
prepared blood-cells is concerned, it was found that active horse 
serum is robbed of its active constituent by treatment with prepared 
blood. In fact, not only does it thereby lose its property to dissolve 
prepared ox blood (confirming Bordet and Gay), but it also ceases to 
dissolve guinea-pig blood in conjunction with inactive ox serum 
(confirming the statements of Browning). This was to be expected, 
because in both combinations the horse serum acts as complement, 
and a suitable amboceptor is present. In both cases, therefore, 
the amboceptor can effect absorption of complement without giving 
rise to haemolysis. There is another point of agreement between the 
two combinations. Thus, despite the anchoring of horse com¬ 
plement brought about by treatment with horse serum, the prepared 
ox blood-cells do not dissolve on the addition of inactive ox serum. 


1 Active sheep serum by itself is slightly haemolytic for prepared ox blood. 
The action is intensified, however, by the addition of horse serum. 

2 It should be remarked that in the haemolysis of guinea-pig blood the ox 
serum can be replaced by goat serum. The mode of action is the same in 
both cases. 

3 Ox serum?—[Editor.] 
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Prepared blood so treated, however, at once dissolve* in a mixture 
S minimum quantities of horse serum ami^ inactive ox 
serum. This is illustrated m the following expumu n - 

Two similar series of tubes are prepared. The 

1 t tuh<;H aro c “ ntrif,w ''f 

mr^’two SnSug the largest amounts of horse serum, a trace of 
te T ly SeZerni fluids were mixed 

prepared ox blood, plus 0,1 cc. inactive ox serum. (0.1 cc. » the 

necessary to produce complete haemolysis.) , 0 x iimCt iv« ox 

B. The sediments are suspended in salt solution plus ). 

S T‘The sediments are suspended in salt solution plus 0.1 cc. inactive « 

serum plus 0.35 cc. horse serum. • 

— . r-- f/xllrvtxnnfr tlLnlGI 


TVlA TASlllt : 



Column B of the tabic shows exactly the same behavior as in a 
corresponding experiment with guinea-pig blood. Despite the fact 
that horse serum has hound the amboceptor and complement, 
there is no haemolysis on the addition of inactive ox serum. One 
of the main arguments which could have been advanced in support of 
Bordet-Gay’s colloid theory thus fails. It is also apparent that no 
special resistance of the prepared blood-cells comes mto question, 
for in column C we find that these cells are completely dissolved m a 

suitable mixture. , .. 

Bordet and Gay, to be sure, do say that prepared ox blood-cells 
treated with horse serum absorb the effective principles of inactive 
horse serum. However, all that they describe as a result of this is a 
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marked agglutination;' they say nothing about the occurrence of 
haemolysis, though haemolysis is what one should have expected 
according to their theory. On the other hand the authors tell us 
that ox serum, by acting on ox blood which has been prepared and 
loaded with horse complement, loses its power to agglutinate , in 
conjunction with horse serum, prepared ox blood. Nothing is said 
about haemolytic action. According to the authors ox serum so 
treated when tested in conjunction with horse serum on guinea-pig 
blood, does agglutinate and dissolve the blood more slowly and 
more feebly. We felt it advisable to study the conditions more 
closely, and proceeded along the lines already described in our 
analysis of guinea-pig blood haemolysis. 

Two series of tubes are prepared. Each tube contains 1 cc. prepared 5% 
ox blood which has previously been treated for one hour with 0.5 cc. horse 
serum ( = 2 complete haemolytic doses) at 37° and then freed from fluid by 
centrifuge. Decreasing amounts of inactive ox serum are added to each tube, 
the mixtures kept at 37° for one hour and centrifuged. The decanted fluids 
* in the one series are digested each with the sediments from 1 cc. 5% prepared 
ox blood plus 0.25 cc. horse serum, and in the other series with the sediments 
from 1 cc. 5% guinea-pig blood plus 0.25 cc. horse serum. The result is shown 
in the following table: 


TABLE IX. 


Haemolysis of 


Amount of 
Inactive 
Horse Serum. 

cc. 

1 cc. 5% Prepared Ox Blood by 
0.25 cc. Horse Serum plus 

l cc. 5% Guinea-pig Blood by 

0.25 cc. Horse Serum plus 

A. 

Treated Ox 
Serum. 

B. 

Native Ox 
Serum. 

A. 

Treated Ox 
Serum. 

B. 

Native Ox 
Serurn. 

0.35 

complete 

complete 

complete 

complete 

0.25 

almost complete 

almost complete 

0.15 



strong 

t <■ 

0.1 

strong 

strong 

slight 

moderate 

0.05 

moderate 

moderate 

faint trace 

trace 

0 

0 

0 

0 

0 


From the table it can be seen that ox blood loaded with horse 
complement is likewise unable to deprive inactive ox serum of the 
constituent which brings about haemolysis. In fact ox blood so 
treated is able, in conjunction with horse serum, to dissolve with 
full or only slightly impaired power not only prepared ox blood-cells: 
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but also those of the guinea-pig. In this respect, therefore, our 
results are somewhat opposed to the statements of Bordet and Gay. 
For the sake of completeness it may be mentioned that ox serum 
digested with guinea-pig blood which has previously been treated 
with active horse serum loses nothing of its power to bring about 
haemolysis of prepared ox blood. 

To sum up: 1. Prepared ox blood treated with active horse 
serum does not dissolve in inactive ox serum. 

2. The constituent of the ox serum which brings about haemolysis 
is not absorbed by prepared ox blood previously treated with horse 
serum. 

This shows that the haemolysis of prepared ox blood by the com¬ 
bined action of inactive ox serum and active horse serum, as also 
the haemolysis of guinea-pig blood under the same conditions cannot 
be explained on the basis of the colloid theory of Bordet and Gay. 
We have seen that the simplest postulates of this theory cannot be 
verified experimentally. In the haemolysis of guinea-pig blood it is 
at once clear that it is not the horse serum, as Bordet and Gay 
•suppose, but the ox serum which furnishes the haemolytic amboceptor. 
This ox amboceptor, as Ehrlich and Sachs have shown, is peculiar 
in that it requires first to be united with horse complement before 
it can be anchored by the red blood-cells. 

In explaining the hemolysis of prepared ox blood, it is impossible 
to regard the ox serum as acting as an amboceptor, and Bordet and 
•Gay have very properly called attention to this fact. One might 
perhaps think that the inactivated ox serum acts as a complementoid. 
In that case, to be sure, the function of the complementoid woffid be 
rather peculiar. It would be necessary to assume that the active 
horse complement was bound by the amboceptor-laden blood-cells 
at an unsuitable point so that the complement could not exert its 
action, or, in other words, so that it was “ not dominant.” The 
r61e of the ox complementoid would then consist in directing, as it 
were, the horse complement in the right direction. One could, for 
instance, imagine that the complementoid possessed a higher affinity 
than the horse complement, and that it would thus block the ambo¬ 
ceptor group at which the complement is not dominant. The horse 
complement would thus be anchored by the complementophile 
.amboceptor group for which it really possesses the smaller affinity 
but at which it is dominant. Still other interpretations are possible, 
but it would always be necessary to assume that the ox complementoid 
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is already itself bound by the prepared ox blood. It can, however, 
be shown that the active principle of the ox serum loses none of its 
power by digestion with prepared ox blood-cells. From this it 
follows that the view just discussed, wherein the ox serum is regarded 
as acting as a eomplcmentoid, is incorrect. 

It was necessary to cast about for other explanations, and it was 
natural to think that in the hiemolysis of the prepared ox blood too, 
the inactive ox serum possessed direct relations to the horse serum. 
We had noticed that the ox serum amboceptor acting on guinea-pig 
blood possessed a marked affinity for horse complement. This fact 
suggested that the ox serum could produce antioomplementary 
effects, for it is readily understood that an amboceptor possessing 
affinity for the complement will act like an anticomplement when the 
suitable blood-cells are absent. As a matter of fact we have shown 
(see Table VII) that large amounts of inactive ox serum hinder the 
haemolysis of the prepared ox blood. This inhibition can only bo 
due to imtleoinplement action. These findings naturally led us to 
suspect that the inactive ox serum and the horse serum were in 
some way related to one another in the production of the hmmolytic 
effect. We therefore proceeded as follows: 

In one series of tubes decreasing amounts of horse scrum were kept for 
one hour at 37°, whereupon prepared ox blood plus 0.5 cc. inactive ox serum 
were added. In another series decreasing amounts of horse scrum were digested 
for one hour with 0.5 ec. inactive ox serum at 37° whereupon the blood-cells 
were added. The degree of hemolysis was noted from time to time, and is 
m shown in the following table: 
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Tlie table shows the same condition which we have already noted 
in tlie haemolysis of guinea-pig blood. The haemolysis of the prepared 
ox blood too, proceeds more rapidly if the horse serum and inactive 
ox serum are mixed some time before the addition of the blood-cells. 
From* this it follows that some sort of a reaction takes place between 
constituents of the horse serum and of the ox serum. A really 
active complex as in the haemolysis of guinea-pig blood cannot thus 
be formed, for, as we have repeatedly pointed out, the ox serum 
cannot functionate as an amboceptor. We shall probably not err 
if we assume that the inactive ox serum participates in the haemolysis, 
of the prepared ox blood by anchoring a constituent of horse serum 
which inhibits the action of the horse complement responsible for 
haemolysis. An autoanticomplement of horse serum is out of the 
question, if only for the reason that the horse complement is bound 
by the prepared ox blood-cells. On the other hand it seemed very 
possible that the horse serum constituent in question which inhibits 
haemolysis and which is bound by ox serum, possessed the character 
of Qb complement or a complementoid. The action of this second 
complement of horse serum would be this, that it does not dissolve 
prepared ox blood, but possesses a higher affinity than the effective 
complement. The anchoring of this constituent would cause the 
effective complement to be bound at an unsuitable situation where 
it is not dominant. In order to prove the correctness of this view 
it is necessary to show that the binding of the effective horse com¬ 
plement to the prepared ox blood, and the haemolysis of prepared ox 
blood by the joint action of active horse serum and inactive ox 
serum, are two independent reactions. In other words we must 
effect a binding of the active principle of horse serum and yet have 
no haemolysis when under exactly the same conditions inactive ox 
scrum is also present. This we have succeeded in doing. It is 
very easy to fulfil the conditions just mentioned, by digesting the 
ox blood with a smaller quantity of amboceptor. We proceeded as 
follows: 

Two series of tubes are prepared, each tube containing 1 cc. 5% ox blood 
and decreasing amounts of amboceptor (inactivated serum of a rabbit immunized 
against ox blood). After remaining at 37° for one hour, the mixtures were 
centrifuged. The sediments were then treated as follows: 

Series A . Digested with a mixture of 0.2 cc. horse serum plus 0.1 cc. inactive 
ox serum. 

Series B. Digested with 0.2 cc. horse serum 1 for one hour at 37°, centrifuged* 
and the sediments thus obtained mixed each with 0.1 cc. inactive ox serum. 
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Series C. The supernatant fluids separated in B are digested with the 
sediments each of 1 cc. 5% prepared ox blood (prepared in the usual way with 
0.05 cc. amboceptor) plus 0.1 cc. inactive ox scrum. 

The result is shown in the following table: 


TABLE XI. 


Amount of Amboceptor 
lined for the 
Preliminary 

Troatmont. 

CO. 

Degree of IlmmolyBia. 

Series A. 

More 1 ! or Loan Highly 
Prcparai Ox Blood + 
0.2 cc*. Homo Horurn 
+ 0.1 ee. Inactive 

Ox So rum. 

BorieH 11. 

More or Lew Highly 
Umpurod Ox Illoori + 
0,2 ee. llorno Serum 
Centrifuged, 4* 0. 1 ce. 
Inactive Ox Serum. 

Horios O. 

Highly P roparod 

Ox Blood (0.05) 4- 
0.1 <*«. Inactive 

Ox Serum +0.2 cc. 
Previously IMgcHtod 

1 lorwci Bcrum 

0.1 

complete 

0 

faint trace 

0.05 

0 

11 

0.025 

strong 

0 

11 

0.015 

slight 

C) 

( c 

0.01 

trace 

0 

t £ 

0.005 

0 

0 

l t 

0.0025 

0 

0 

slight 

0 

0 

0 

complete 


Total volume always 2 cc. 


The table shows that ho far an the binding; of horse complement 
is concerned, ox serum which has been prepared with one-tenth the, 1 
amount of amboceptor (0-0015 cc.) behaves exactly the same ns 
that which has been highly prepared (0.05 cc. aipboceptor). In 
spite of this, we sec that such feebly prepared ox blood is resistant to 
the combined action of horse serum and inactive ox serum (Scries A). 
Furthermore, from Series B it is apparent that the successive addi¬ 
tion of horse serum and inactive ox serum does not lead to hemo¬ 
lysis. The conditions discussed above have thus been fulfilled, 
and the result shows that the phenomenon of the binding of home 
complement must be considered apart from that of its haemolytic 
action. 

The following is probably the simplest conception we can make 
of the mechanism of the entire phenomenon. In view of the multi¬ 
plicity of amboceptors in a given imraupe serum (see especially the 
studies of Ehrlich and Morgenroth) there is no reason why we should 
not be dealing with two different fractions of amboceptor in the 
immune serum used to prepare the ox blood. One amboceptor is 
present in high concentration and binds the homo complement, 
although the complement is not dominant for this amboceptor. 
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The other amboceptor is present in much smaller amount, and is the 
amboceptor for which the horse complement is dominant. This 
explains how a small amount of amboceptor binds complement, and 
how haemolysis is effected only with a considerable excess of immune 
serum. The relations existing between weak and strong concen¬ 
tration of amboceptor in the immune serum are to a certain extent 
analogous to those existing between horse and ox amboceptor in the 
haemolysis of guinea-pig blood. There is, however, an important 
difference. In the haemolysis of guinea-pig blood the affinity of the 
ox amboceptor to the horse complement exceeds that of the horse 
amboceptor. When both amboceptors are present, therefore, 
haemolysis occurs. In the haemolysis of the prepared ox blood, 
however, it is not sufficient that both amboceptors are present, for 
under these circumstances, apparently, the complement is still 
anchored by the amboceptor for which it is not dominant. In order 
that the complement may lay hold of the other amboceptor, the 
cooperation of the inactive ox serum is necessary. This serum, as we 
have seen, must have direct relations with the horse serum. The 
only way in which we can conceive of this relation is to assume 
that the ox serum binds a horse serum constituent of complement 
character which directs the effective horse complement toward the 
amboceptor unsuited for producing haemolysis. The principle 
underlying this explanation is not new, similar relations having been 
studied by Ehrlich and Marshall. 1 In a combination described by 
these authors, it was shown that the union of a certain non-dominant 
complement did not occur until after another complementophile 
group of the amboceptor had bound the particular complement 
which was dominant in this case. It is possible that we are here 
dealing with an analogous phenomenon. 

If we succeed, therefore, in removing the constituent of horse 
serum which causes the effective horse complement to combine with 
the unsuited amboceptor (and this, as we have seen, is accom¬ 
plished by the action of ox serum), we permit the horse complement 
to unite with the other, effective, amboceptor and haemolysis can 
occur. In this case, however, it follows that the binding of the horse 
complement to the weakly prepared ox blood will not occur if the 
horse serum constituent which brings about this binding is rendered 


1 Ehrlich and Marshall, Berliner klin. Wochenschrift, No. 25, 1902. See 
also this volume, page 226. 
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inert by the ox serum. Thin we were actually able to prove ex¬ 
perimentally. Constituting as it does the crucial experiment for 
tenting the correctness of the views here developed, the following 
experiment deserves the closest attention. 

Two series of tubes are prepared: 

St rten A, Each tube contains 0.35 cc. horse serum made up to LI ee. with 
salt solution. The mixtures are kept at 37° for half an hour, and then digested 
for 1 i hours at 37°, each with the sediments from I cc. 5% weakly prepared 
( 0.005 cc. amboceptor) ox blood. Then centrifuge. The decanted fluids are 
mixed w th decreasing amounts of inactive ox serum (1 cc. volume) and these 
mixtures are poured each over the sediments from 1 cc. 5% strongly prepared 
(0.05 cc. amboceptor) ox blood. 

Serien B, Each tube contains 0.35 cc. horse serum plus decreasing amounts 
of inactive ox rerum (total volume LI cc.). After remaining at 37° for half 
an hour the mixtures are digested for 1J hours at 37°, each with the sediments 
from 1 cc. 5% weakly prepared (0.005 cc. amboceptor) ox blood. After 
centrifuging, the decanted fluids are poured each over the sediments from 
I cc. strongly prepared (0.05 cc. amboceptor) 5% ox blood and 1 cc, salt 
solution k added. 

The result it§ shown in the following table: 



An examination of the table makes it clear that the horse com¬ 
plement is not bound to the weakly prepared ox blood when sufficient 
quantities of the inactive ox serum are added to the horse scrum. 
This result shows at once how entirely untenable is the theory of 
Bordet and Gay. According to their view we would have every 













640 


COLLECTED STUDIES IN IMMUNITY. 


reason to expect haemolysis in Series B to be weaker than in Series 
A. Under no circumstances could it be stronger. In Series B 
conditions are such that the “colloid” of these authors would have 
every opportunity to be absorbed by the weakly prepared blood 
laden with complement. The result, however, is exactly the reverse, 
and absolutely contradicts the colloid theory. On the other hand the 
result it what was to be expected in accordance with our view. 
The table clearly shows that the ox serum hinders the binding of the 
horse complement by the weakly prepared ox blood. Proceeding 
from this fact we arrive at an understanding of the part played by 
the ox serum in the haemolysis of stongly prepared ox blood by horse 
serum. We are dealing with rather complicated relations and we 
have therefore thought it wise to represent these in the attached 
diagram, figures 3-7. 

Fig. 3 represents the constitution of the immune serum. Ambo¬ 
ceptor a is present in weak concentration, while the other, ambo¬ 
ceptor bj is present in strong concentration. 

Fig. 4. pictures our conception of the relations existing when 
strongly prepared ox blood-cells are digested with horse serum. 
The immune serum used for preparing the blood contains two 
types of amboceptor, namely the strongly concentrated amboceptor 
£>, and the weakly concentrated amboceptor a. (See Fig. 3.) The 
latter is the amboceptor for which the horse complement ca, is 
dominant. The horse serum, however, contains another substance 
having complementary properties, c/3 and this possesses marked 
affinity for the complementophile group /? of amboceptor b. Ambo¬ 
ceptor b also possesses a group a which ordinarily does not react 
with ca. Through the anchoring of component c/3 to /3 the affinity 
of this group ca of amboceptor b- is increased so that now ambo¬ 
ceptor b lays hold on the effective complement ca with great avidity. 
Since, however, complement ca is not dominant for amboceptor b f 
no haemolysis ensues. 

Fig. 5 illustrates the action of the ox serum constituent r. This . 
binds c/3, whereby the increased affinity of group a of amboceptor b 
fails to occur. This in turn causes ca to unite with a thus giving 
rise to haemolysis. 

If amboceptor a is absent, i.e., if the ox blood has been weakly, 
prepared, it will be understood that in the digestion with horse serum, 
amboceptor b binds c/3 and through this also ca. The decanted fluid 
is therefore unable to dissolve strongly prepared blood even when 
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Iixactiveox serum is present. (See Fig. 6 and also Table 12, A, of 
the text.) 

Furthermore, if the weakly prepared blood, which then has only 
bound amboceptor b , is digested with the mixture of horse serum 
and inactive ox serum, no haemolysis occurs because the effective 
amboceptor a is absent. Since, however, the ox component r binds 
c(3, col is left free. In this case if the decanted fluid is poured over 
strongly prepared ox blood, it will be found that haemolysis occurs 
without any further addition. ' (See Fig. 7, and experiment Table 
12, B.) 

Naturally, in addition to the factors described above, the effects 
of mass action must be considered. Thus if a small quantity of ox 
serum is made to react with a great excess of amboceptor b, it is 
evident that the reaction between b and c can still take place. It will, 
however, be slower and less complete than when the ox serum is 
entirely absent. If then amboceptor a is present at the same time 
it will be understood that a portion of c will still find opportunity to 
combine with it so that hsmaoylsis occurs. But when amboceptor a 
is absent, that is when the ox blood is weakly prepared, c will still 
be able to combine with amboceptor b and the decanted fluid will 
have lost its haemolytic power. This explains a point in Table 12. 
In the control which consisted of simple mixtures of strongly pre¬ 
pared ox blood, 0.35 cc. horse serum, and decreasing amounts of 
inactive ox serum, it was found that 0.1 cc. of the inactive ox serum 
* still produced complete haemolysis. In Table 12, B, on the other 
hand, weakly prepared ox blood deprived a mixture of 0.1 cc. inactive 
ox serum plus 0.35 cc. horse serum of its haemolytic power. 

Contrariwise we should expect to find the effective horse com¬ 
plement kept intact after digestion with weakly prepared ox blood 
provided the excess of inactive ox serum is allowed to act at the same 
time. This is well shown in the following experiment: 

Two series of tubes are prepared: 

Series A. Each tube contains 0.5 cc. weakly prepared 10% ox blood plus 
0.5 cc. salt solution plus decreasing amounts of active horse serum. 1 

Series B. Each tube contains 0.5 cc. weakly prepared 10% ox blood plus 
0.5 cc. inactive ox serum plus decreasing amounts active horse serum. 2 

The mixtures are kept for 1J- hours at 37° and then centrifuged. The slight 
amount of haemolysis observable in series B is shown in Table XIII. 

1 Horse serum plus salt solution previously kept at 37° for one hour. 

2 Horse serum plus ox serum previously kept at 37° for one hour. 
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TABLE XIII. 


Amount of 
Horse Serum 
cc. 

Haemolysis of 1 cc. 5% Weakly Prepared 
Ox Blood by Decreasing Amounts 
of Horse Serum. 

A. 

By Itself. 

B. 

Together with 0.5 
cc. Inactive Ox 
Serum. 

0.75 

0 

strong 

0.5 

0 

slight 

0.35 

0 

0 

0.25 

0 

0 

0.15 

0 

0 

0.1 

0 

0 

0 

0 

0 


After this the fluid decanted from the tubes of series A are mixed each 
with 0.5 cc. inactive ox serum, and the fluids from series B, each with 0.5 cc. 
salt solution. The mixtures are then digested each with the sediments from 
1 cc. 5% strongly prepared ox blood. 

In control series C made at the same time, mixtures containing each 0.5 cc. 
inactive ox serum plus decreasing amounts of horse serum were digested at 
37° for two hours, after which strongly prepared ox blood was added. 

The result of the experiment is shown in the following table: 


TABLE XIY. 


Haemolysis of lcc. 5% Strongly Prepared Ox Blood. 


Horse Serum. 

■-—— 



cc. 

Series A. 

Series B. 

Series. C. 

0.75 

0.5 

strong 

slight 

complete 

complete 

0.35 

trace 



0.25 

0 

almost complete 

almost complete 

0.15 

0 

strong 

slight 

0.1 

0 

moderate 

tsace 

0 

0 

0 

0 


From the table it is clearly apparent that in the digestion with 
weakly prepared ox blood, the horse complement remains entirely 
intact provided plenty of ox serum is present, whereas by itself it 
is bound by the prepared blood, as can be seen from Column A. 
The evidence presented by this marked difference becomes still 
stronger through the fact that the action of mixtures of horse serum 
and ox serum on weakly prepared blood results in a slight degree of 
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haemolysis (See Table 13, B). Despite the occurrence of this 
haemolysis in which at least some material has been used up, the 
final result is just the opposite of what was, a priori, to have been 
expected. This furnished a weighty argument in favor of the view 
we have brought forward. We shall probably not err if we assume 
that the horse serum constituent cp is a complement, but that it is 
dominant neither for amboceptor a nor amboceptor 6. The ox serum 
thus plays merely the part of anticomplement. The amboceptors 
of ox serum in general evidently possess a high affinity in their 
complementophile groups. It will be recalled that we have actually 
demonstrated this in the case of the amboceptor acting on guinea- 
pig blood and complemented by horse serum. A little consideration, 
however, will show that such amboceptors, when the cells on which 
they act are missing, will exert an anticomplementary action. This 
also explains how the inactivated ox serum when in excess, can 
inhibit the haemolysis of strongly prepared ox blood by horse com¬ 
plement ca, although this same ox serum, in smaller quantities, 
brings this haemolysis about. This observation has been repeatedly 
made by us. It is merely necessary to assume that ox serum also 
contains very small quantities of complementophile groups a. 
Large doses of the serum would then also exert a deflecting influence 
on complement ca. 

So far as the two complements of horse serum are concerned 
{cm and eft) it seems as though their quantitative relations are 
subject to certain fluctuations. We have already called attention 
to the fact that horse serum alone dissolves prepared ox blood cells 
to a varying degree. In the light of what has been said it is obvious 
that the haemolysis produced by horse serum alone will be stronger 
the more the concentration of the horse complement ca exceeds 
that of complement c/3. If complement cp were entirely absent we 
should find that the haemolysis produced by horse serum alone would 
be as strong as that produced by the combined action of horse serum 
and inactive ox serum. We have not met with such extreme cases. 
Nevertheless we have observed horse sera which by themselves 
produced complete haemolysis of prepared ox blood in doses of 0.35 
to 0.3 cc. while the addition of inactive ox serum reinforced com¬ 
plete haemolysis only to the extent of a dose of 0.15 cc. horse serum. 
We see, therefore, that a critical study of the experimental findings 
leads to conclusions which fit perfectly into the interpretation we 
have elaborated. 
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EXPLANATION OF THE FIGURES ON THE PLATE. 

Figs. 1 and 2 illustrate the haemolysis of guinea-pig blood by the combined 
action of active horse serum and inactive ox serum. 
z— guinea-pig blood-cell; ar = amboceptor of ox serum; ap = amboceptor of 
horse serum; c = complement of horse serum. 

Fig. 1 represents the conditions obtaining when blood, horse serum, and ox 
serum are mixed simultaneously. The ox amboceptor (ar) combines 
with the horse complement (c) and thus brings about haemolysis. 

Fig. 2. — The guinea-pig blood is first digested with horse serum ( ap + c ). The 
blood-cell absorbs the horse amboceptor (ap) and this in turn anchors horse 
complement (c). The ox amboceptor (ar) subsequently added does not find 
any horse complement (c) at its disposal, and haemolysis therefore does not 
occur. 

Figs. 3-7 illustrate the haemolysis of ox blood laden with amboceptor, by the 
combined action of active horse serum and inactive ox serum. 
z=ox blood-cell; a and 6—partial amboceptors of the immune sera (a weakly 
concentrated, and'6 strongly concentrated); a and ft =complementophile 
groups; ca =the horse complement dominant for amboceptor a; eft = the 
second complement-like constituent of horse®serum. This is dominant 
neither for a nor for b; its union, however, with amboceptor b makes 
the complementophile group a of amboceptor b capable of reacting. 
r =active constituent of ox serum (anticomplement amboceptor?) which 
binds eft. 

Fig. 3. —This shows the constitution of the immune serum. Amboceptor a is 
present in weak concentration, amboceptor b in strong concentration. 

Figs. 4 and 5 illustrate the mechanism of the haemolysis of strongly prepared ox 
blood by horse serum and inactive ox serum. 

Fig. 4. —Strongly prepared ox blood is digested with horse serum. Constituent 
eft of the horse serum is bound by amboceptor b, and this union causes 
horse complement col to combnie with amboceptor b. Since ca, however, 
is dominant only for a and not for b, no haemolysis takes place. 

Fig. 5. —Strongly prepared ox blood is digested with a mixture of active horse 
serum and inactive ox serum. Ox serum constituent r binds component eft 
of the horse serum, and eft is thus prevented from uniting with amboceptor 6. 
Since the latter, however, does not by itself react with horse complement ca, 
ca is bound by amboceptor a and haemolysis is brought about. 

Figs. 6 and 7 illustrate the conditions obtaining when ox blood is prepared with 
a slight amount of immune serum, and when, therefore, only amboceptor b 
has been bound by the blood-cells. 

Fig. 6.— Weakly prepared ox blood is digested with horse serum, eft is bound 
by b, and this union causes ca to combine with b. No haemolysis occurs. 
On centrifuging, no horse complement is found in the decanted fluids. 

Fig. 7. —Weakly prepared ox blood is digested with a mixture of horse serum 
and inactive ox serum. Component r of the ox serum combines with eft. 
As a result of this ca is not bound by 6, and remains free. On centrifuging, 
the decanted fluid contains the horse complement. 
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This, we believe, disposes of the objections raised by Bordet 
and Gay against the view that in the haemolysis of guinea-pig blood 
the ox serum constituent acts as an amboceptor. Furthermore, a 
thorough analysis has shown that the interpretation of Bordet and 
Gay is directly opposed to a number of experimental observations. 
In contrast to this we see that all the experimental findings fit in 
perfectly with the view developed on the basis of the amboceptor 
theory. The peculiar role of the ox serum is readily explained by 
the high affinity of the complementophile groups which the serum 
contains, or the high affinity of the amboceptor to the complement. 
This applies not only to the haemolysis of guinea-pig blood, but also 
to the haemolysis of prepared ox blood. It is unnecessary, there¬ 
fore, to ascribe new and unique properties to the ox serum, as is done 
by Bordet and Gay. In fact the apparent exceptions to the rule 
are merely variations of the cytotoxic action whose occurrence can 
be predicated from the view developed on the basis of the amboceptor 
theory. 

R6sum6. 

1. Contrary to the view of Bordet and Gay, in the haemolysis of 
guinea-pig blood by active horse serum and inactive ox serum, the 
amboceptor is furnished by the ox serum and not by the horse serum. 

2. The guinea-pig blood absorbs the complement of horse serum 
through the agency of a horse amboceptor which is not dominant 
for the horse complement. 

3. Subsequent addition of ox serum to guinea-pig blood previously 
treated with horse serum does not produce haemolysis, though 
according to Bordet and Gay’s view haemolysis should occur. Neither 
is the haemolytic component of ox serum thereby hound. This proves 
the incorrectness of Bordet and Gay’s theory, according to which 
a “colloid” of ox serum constitutes a third element in the cyto¬ 
toxic action, and is absorbed by the blood cells laden with ambo¬ 
ceptor and complement, thereby effecting solution of the cells. 

4. Against this a direct union of ox amboceptor and horse com¬ 
plement is indicated by the fact that haemolysis is considerably 
more rapid when the two sera are digested before the blood-cells 
are added. 

5. It is possible by treating the horse serum with guinea-pig 
blood at 0° to abstract a large part of the amboceptor without 
diminishing the complement content. Despite the loss of ambo- 
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eeptor the power of the horse serum to produce haemolysis in con¬ 
junction with the ox serum is preserved. Moreover, when digested 
with blood, such a serum suffers a smaller loss of this power than does 
native serum. This also shows that the amboceptor bringing about 
haemolysis is contained in ox serum. 

6. Bordet and Gay found that ox blood loaded with amboceptor, 
(prepared), dissolves in a mixture of active horse serum and inactive 
■ox serum, but not in horse scrum alone. This we were able to con¬ 
firm. Their interpretation, however, according to which the ox 
serum acts as a “ colloid” in dissolving the ox blood previously pre¬ 
pared with horse serum, and according to which this “ colloid ” is 
bound by the prepared ox blood, this interpretation was shown to 
be incorrect for the following reasons: 

7. Prepared ox blood absorbs the horse complement without 
thereby being dissolved. Blood so treated, however, does not 
dissolve on the addition of inactive ox serum, nor has it the power 
to deprive the latter of its ability to bring about haemolysis. 

8. In fact, it has been found that even in the haemolysis of pre¬ 
pared ox blood inactive ox serum and horse serum stand in direct 
relations with each other. If both sera are digested prior to the 
addition of the prepared ox blood, haemolysis will be markedly 
hastened. 

9. Ox blood will also bind the horse complement if the blood is 
first treated with a small quantity of amboceptor, although haemoly¬ 
sis by horse serum and inactive ox serum requires a far greater 
quantity of amboceptor. This shows that the immune serum 
contains two different amboceptors. One of these, b, present in 
high concentration, absorbs horse complement when ox serum is 
absent, the other, a, present in weak concentration, binds horse 
complement when ox serum is present. Only in the latter case 
does haemolysis occur. 

10. Ox serum prevents the binding of horse complement by 
weakly prepared (amboceptor b) ox blood, and yet does not give 
rise to haemolysis in this case. 

11. Since, however, the ox serum acts on the horse serum and not 
on the prepared blood, it follows that the ox serum binds a constituent 
of the horse serum, which constituent has the power to make possible 
and bring about the union of the horse complement and amboceptor 6. 

12. The combined action of the horse serum and inactive ox serum 
in the haemolysis of prepared ox blood is thus explained by the 
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anti complementary effect of the ox serum. The anticomplementary 
action, however, applies in the main only to a complement-like 
constituent of horse serum, a constituent which causes the effective 
horse complement to unite with an amboceptor h, although the 
complement is effective only for amboceptor a. The phenomenon 
described by Bordet and Gay, therefore, cannot be explained by 
their interpretation, whereas all the experimental data are easily 
understood on the basis of the amboceptor theory. 


XLVII. STUDIES ON ANTIAMBOCEPTORS . 1 


By C, H. Browning, M.B., Ch.B., Glasgow, Carnegie Research Fellow, Assistant 

at the Institute, 
and 

Dr. H. Sachs, Member of the Institute. 

The study of the antihsemolytic effects produced by immunization 
has greatly deepened in the past few years and become much more 
difficult. This is largely due to the recognition of the complement¬ 
binding power possessed by albuminous bodies when laden with 
specific antibodies. Attention was called to this phenomenon by 
Gengou, 2 who concluded that it demonstrated the existence or 
production of amboceptors against dissolved albuminous bodies. 
Moresehi, 3 however, deserves the credit for first directing attention 
to the relation of this phenomenon to the well-known antieomple- 
mentary action of the blood serum. A study of Moreschi’s investi¬ 
gations, especially in the light of our present knowledge, makes it 
appear very doubtful whether the inhibiting action of immune 
sera formerly ascribed to the anticomplements is really due to the 
presence of antibodies directed against the complements, or whether 
it is not rather occasioned, at least in a measure, by the anticomple¬ 
mentary power exerted by the substance formed by the interaction 
of albumin and antialbumin. The problem of differentiating anti¬ 
complements sensu stnetiori has now become more difficult than ever, 
because the mode of action of the anticomplements in no way differs 
from that of the albumin complex laden with amboceptor. 

For the present, therefore, the problem of demonstrating true 
antihsemolysins appears to be more readily studied by directing 
attention first to the antiamboceptors. Our knowledge concerning 


1 Reprinted from the Berlin, klin. Wochenschrift, 1906, Nos. 20 and 21. 

2 Gengou, Sur les sensibilatrices des scrums actifs contre les substances 
albuminoides. Annales Pasteur, 1902, T. XVI. 

8 Moreschi, Zur Lehre von den Anticomplementen. Berliner kHn. Wochen- 
schr., 1905, No. 37, and 1906, No. 4. 
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the antiamboeeptors produced by immunization has undergone 
profound alterations within the past few years, thanks to the funda¬ 
mental researches made by Bordet. These investigations were fully 
confirmed as to fact by Ehrlich and Sachs, 1 and by Muir and Brown¬ 
ing. 2 We must, therefore, assume that the antiamboceptors are 
usually antibodies of the complementophile group, and in this respect 
must regard Bordet's findings as a most conclusive argument in 
favor of the amboceptor theory. Bordet's strongest point consists of 
the fact that it is possible, by immunizing with normal serum, to 
produce antiamboceptors which act against all the amboceptors 
(both normal and immune) of the species whose serum was used 
for immunization. But just this circumstance should arouse skepti¬ 
cism and make us question whether perhaps the antiamboceptor 
effect is not merely apparent, and counterfeited by the complement- 
binding power of albumin laden with antibody. The experimental 
analysis of this case is far more easy than the differentiation of the 
anti-complements. In true antiamboceptors the point of attack 
is a different one, being confined, as already said, to the comple¬ 
mentophile group of the amboceptor. Nevertheless, the differen¬ 
tiation of the antiamboceptors is not as simple as was originally 
stated in Ehrlich and Morgenroth’s communications. Suppose, for 
example, that we mix amboceptor and antiamboceptor, add blood- 
cells, centrifuge, wash the sediment thoroughly, and find, after the 
addition of complement, that haemolysis does not take place. A 
little consideration will show that such a result permits of two 
interpretations. It may be due to an antiamboceptor; it may, 
however, be due to the complement-deflecting power exerted by an 
albuminous precipitate possibly carried down with the blood-cells 
laden with amboceptor. It is important to bear in mind that the 
serum containing the amboceptors also contains albumin antigens, 
and that the antiamboceptor serum contains albumin antibodies. 
We fully agree, therefore, with the statement made by Pfeiffer and 


1 Ehrlich and Sachs, Ueber den Meehanismus der Antiamboeeptorwirkung. 
See page 561. 

2 Muir and Browning, On the Properties of Anti-immune bodies and comple¬ 
ment oids. Journal of Hygiene, 1906, Yol. VI, No. 1. 

Note. —Those wishing to follow the historical development of the subject 
will find this discussed in the paper by Ehrlich and Sachs already alluded to. 
In this, too, mention will be found of the investigations of Pfeiffer and Eried- 
Jberger, which may be regarded as precursors of Bordet's observations. 
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that “the anticomplementary action of the precipitate 
'Crfeit the existence of antiamboceptors.” 
m amboceptor derived from a human convalescent from 
feiffer and Friedbcrger 2 found that bacteriolysis could 
d by a rabbit serum obtained by immunizing a rabbit 
n serum. They concluded from their experiments that 
lity of this being an antiamboceptor action could be ex- 
* must be pointed out, however, that the results permit 
explanation. In the first place Pfeiffer and Moreschi 
ighly improbable that the antiserum obtained by immun- 
normal human serum should contain cholera antiambo- 
'his assumption is wholly unwarranted. We have already 
ition. to Bordet's observation that by immunizing with 
mum one obtains antiamboceptors against all the ambo- 
he same species. These antiambo cep tors, being directed 
complementophile group, are in their action entirely 
t of the cytophilic specificity. The fact, therefore, that 
L (human) serum used for immunization contains no 
>oceptors, does not in any way argue against the existence 
antiamboceptors. 

vith the main experiment cited by Pfeiffer and Moreschi. 
not necessarily show the absence of antiamboceptors, 
i it does show the antibacteriolytic action produced by 
>f complement and precipitate. Pfeiffer and Moreschi 
i antiserum derived from rabbits by immunization with 
xl. When human cholera serum was used as amboceptor, 
he precipitates and the supernatant fluids, they found 
mipitates exerted an antibacteriolytic action, while the 
fluid had no such action. From the conception of anti- 
3 furnished by Bordet's experiments, it might very well 
antiamboceptors contained in the antiserum had been 
oy the amboceptors present in the normal human serum 
scipitation. So far as the specific cholera amboceptors 
,d, these amboceptors accordingly have acted as “ anti- 
>tors,” and being so combined, their action as ambo- 
celuded. All that can be claimed for this experiment, 
that it demonstrates the antibacteriolytic action of the 


er and Moreschi, Berliner klin. Wochenschr. No. 2, 1906. 
er and Moreschi (?) —[Translator]. 
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precipitate. It sheds no light on the possibility of antiamboceptors 
being present in the antiserum at the same time. 

The solution of this problem is simplified if we succeed in excluding 
the action of the precipitate and so permit the supposed antiambo¬ 
ceptor to act by itself. This can be accomplished by anchoring 
the amboceptor to the cell and removing the normal serum constit¬ 
uents by centrifuging. From this point of view, one may even con¬ 
sider the problem as already solved. The experiments of Bordet,, 
Ehrlich and Sachs, Muir and Browning, with haemolytic amboceptors, 
and those of Shibayama and Toyoda 1 with bacteriolytic amboceptors 
all agree in showing that the antiamboceptor acts even when the 
cell, loaded with amboceptor, has been separated from free serum 
constituents. Nevertheless, in view of the small traces of albuminous 
substance which suffice, when combined with suitable antibody, to 
deflect complement, it might be objected that it is difficult to com¬ 
pletely free the sedimented blood-cells from traces of adherent 
albuminous substances. This difficulty would appear considerable, 
especially if we incline to believe that the blood-cells have some 
absorbing action on the albuminous substances. Furthermore, 
the antiamboceptors sometimes do not act at once on the amboceptor 
anchored to the cell. Bordet, for example, was unable to produce the 
antiamboceptor action until he suspended the blood-cells in inactive 
serum. This, of course, diminishes the value of the demonstration, 
since it introduces a possible interference due to complemcntoids- 
(Muir and Browning). Our own observations lead us to believe that 
the ability of antiamboceptor to unite with the amboceptor bound to 
the cell or with the free amboceptor is very variable. 

In view of these objections we have therefore attempted to demon¬ 
strate the presence of antiamboceptors indirectly, by excluding the 
action of antiamboceptors while allowing antibody and albuminous 
substances to participate in the reaction. It would seem that the 
simplest way to attain this would be to employ, os the source of 
amboceptor, a different species of animal than was used for producing 
the antiamboceptor. 

The antiserum used by us was obtained from a goat which had 
been immunized with rabbit serum. 2 The amboceptor, of course, 


* 1 Shibayama and Toyoda, Centralbl. f. Bact., Orig. Yol. XL, 1906. 

2 The serum with which these animals were immunized was derived from 
rabbits which had been treated with ox blood. It therefore contained specific* 
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had to be derived from a rabbit. In the present instance it was an 
inactivated serum obtained from a rabbit treated with ox blood. 
Guinea-pig serum was used as complement. In order to exclude 
the action of the antiamboceptor, a parallel experiment was made 
in which the amboceptor consisted of the inactivated scrum of a 
goat immunized with ox blood, guinea-pig serum being used as 
complement. For the sake of simplicity we shall term the ambo¬ 
ceptors respectively “ rabbit amboceptor ” and “ goat amboceptor/ 7 
The experiment is as follows: 

Two series of test-tubes were prepared, decreasing amounts of the anti¬ 
serum being placed in each tube. The volume in each tube was always made 
up to 1.0 cc. with physiological salt solution. To the tubes in series A was 
then added 0.0015 cc. (1J solvent doses) of the rabbit amboceptor; while the 
tubes of series B received 0.015 cc. goat amboceptor (1J solvent doses) plus 
0.0015 cc. normal inactive rabbit serum. Both series of tubes were kept 
at room temperature for three-quarters of an hour, after which 1 cc. of a 5% 
suspension of ox blood-cells was added to each tube. After incubation at 37° 
for one hour, the tubes were centrifuged, the sediments resuspended in physiog- 
ical salt solution, and mixed with guinea-pig serum as complement. The 
amount of complement also equaled 1£ solvent doses, being 0.075 cc. in series A, 
and 0.05 cc. in series B. After this the tubes were kept at 37° for two hours, 
and then placed in the refrigerator over night. The result noted the next 
morning is shown in the following table: 


TABLE I. 




amboceptors for ox blood. So far as the production of antiamboceptors or of 
antibodies against the albuminous substances is concerned, this is immaterial. 
Controls made with the serum of a goat immunized with normal rabbit serum, 
yielded the same results. The quantity of the latter available was too small 
'to suffice for all of the experiments here reported. 
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In order to analyze the result of this experiment, it will be 
advisable to first have a clear idea as to the constitution of the 
sediments in the two series previous to the addition of the comple¬ 
ment. In series A the sediment consists of: 

1. The blood-cells laden with amboceptor. 

2. The antiamboceptor (if such is present in the antiserum) 
bound to the complementophile group of the amboceptor. 

3. It may contain the precipitate formed by the combination of 
albuminous constituents of the rabbit serum with the antiserum. 

In series B the sediment also contains blood-cells laden with 
amboceptor, but there is, of course, no antiamboceptor. The con¬ 
ditions for the formation of the precipitate, however, are exactly 
the same as in series A, for in both series the same quantity of normal 
albuminous constitutents of rabbit serum are present. 

In series B, if we disregard the slight inhibition with large doses 
of antiserum, we find that the blood cells in all the tubes have been 
completely dissolved. This can only mean that either the sediments, 
contained no precipitate, or that the precipitate present was unable 
to exert its deflecting power on complement. It follows that the 
marked inhibition of haemolysis observed in series A must be ascribed 
to the action of antiamboceptors . 

Against this interpretation it might be objected that perhaps 
the sediments of series A also lack an antiamboceptor, and that the 
inhibition of haemolysis is due to the deflection of complement by 
the precipitate. It would then be necessary to assume that the 
goat amboceptor possessed a stronger affinity for the complement 
than did the rabbit amboceptor, in consequence of which no deflection 
of complement was produced by the precipitates in series B. In 
order to meet this objection we have devised another experiment, 
making use of the rabbit amboceptor as before, and excluding the 
antiamboceptor while still maintaining the same favorable con¬ 
ditions for the formation of a precipitate. The experiment is 
made as follows: 

Decreasing amounts of antiserum are mixed with 0.0015 cc. inactivated 
normal rabbit serum, and the mixtures kept at room temperature for forty-five 
minutes. To each tube is then added 1 cc. 5% ox blood, the mixtures kept 
at 37° for one hour, and then centrifuged. The sediments are mixed with 
0.0015 cc. rabbit amboceptor plus 0.075 cc. guinea-pig serum. It will be seen 
that the experiment corresponds to that described in Table I, A, except that 
in place of the specific amboceptor, an equal volume of normal serum is mixed 
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with the antiserum, the rabbit amboceptor being added to the mixture only 
after the antiamboceptor has been removed. The result of this experiment 
is shown in the following table (Column A of Table I may be regarded as the 
control): 


TABLE II. 


' 


Amount of Antiserium. 
cc. 

Degree of Haemolysis. 

0.5 

slight 

0.25 

almost complete 

0.15 

0.1 

0.05 

complete 

a 

a 

0.025 

tt 

0.015 

ft 

0 

11 


It will be seen that with this modification, too, the antiserum,, 
except in very large amounts, does not influence haemolysis. There 
can be be no doubt, therefore, that the inhibiting factor of the anti¬ 
serum under these conditions is practically only the antiamboceptor. 
While these experiments positively demonstrate the existence of 
antiamboceptors in the antiserum, they leave untouched the question 
as to whether the antiserum may not at the same time contain, 
antibodies for albuminous substances. Considering the manner in 
which the antiserum is produced, it is natural to assume that such 
antibodies are formed along with the antiamboceptors. All that we 
are interested in at the present time, however, is the possibility of 
these antibodies counterfeiting the existence of antiamboceptors.. 
After the experiments just described, this seems out of the question. 

It might be doubted whether the albumin content of the normal 
rabbit serum corresponds to that of the rabbit serum specific for 
ox blood. The immune serum might be much richer in albuminous- 
substances. Although there seems little basis for such an assumption, 
we have thought it advisable to investigate the matter. In a further 
experiment, therefore, we used varying quantities of the normal 
rabbit serum with constant amounts of the antiserum. The ex¬ 
periments were carried out as follows: 

Two series of tests are made: 

(A) Each tube contains 0.15 cc. antiserum, plus 0.0015 cc. rabbit ambo¬ 
ceptor, plus decreasing amounts inactive normal rabbit serum. After standing. 
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forty-five minutes at room temperature, the ox-blood suspension m added 
and the mixtures kept for one hour at 37°. After centrifuging, the sediments 
are resuspended in physiological salt solution, ami mixed with 0.075 ec\ guinea- 
pig scrum. 

(B) Each tube contains 0.15 cc. antiserum, plus decreasing amounts of 
inactive normal rabbit serum. After standing for forty-live minutes at room 
temperature, the ox-blood suspension is added and the mixtures kept for one 
hour at 37°. After centrifuging, the sediments are mixed with (MM) 15 re. 
rabbit amboceptor, kept, at 37° for one hour, and again centrifuged. To these 
sediments are then added 0.075 cc. guinea-pig serum. 

In this experiment each series again contains the some con¬ 
stituents in like amounts, the main difference between them con¬ 
sisting in the sequence in which the constituents are added. By 
having varied this, we are enabled to exclude, in series B f the action 
of the antiamboeeptor. The result of the experiment m shown in 
Table III. 


TABLE III. 


Amount of Normal 

Degree of lItMiM»Iy»i», 

Inactive llabbit 





Swum. 



cc. 

Sctrtwt A, 

Ht'rim II, 

0.1 

complete 



0.05 

i i 



0,025 

t ( 



0.015 

i t 



0.01 

0.005 

strong 

moderate 


■ complete 

0.00*25 

0 



0.0015 

0 



0,001 

0 



0 

0 




It will be seen that despite an imcmm&l amount of preripiUMo 
-substance , the precipitate exerts no binding action on eom}immnL 

In series A, on the other hand f the inhibiting adum of the animmboreptor 
is again very marked . The experiment nWi shows I lint n relatively 
slight excess of the normal rabbit serum parnlyy.es the liiitiiiiiiborrpfur 

action, a fact which finds a natural explanation in the interference 

of the normal amboceptors. 

At first sight the results shown in series A seem somewhat similar 
to those obtained in experiments made to determine the iiiiiiuint 
of albuminous substance necessary to produce deflection of 
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Toaont when combined with the corresponding antiserum. We know 
from the researches of Fleischmann and Michaelis, 1 as well as from 
those of Moreschi, 2 that an excess of the albuminous antigen inhibits 
the deflection of complement. The same phenomenon is observed 
in the precipitin reaction. From the control furnished by series 
B, it is apparent that deflection of complement plays no part in the 
antihsemolytic action noted in series A. It follows, therefore, that 
the inhibition of haemolysis observed when large amounts of serum 
arc employed, is to be regarded as an antagonistic action exerted 
by the normal serum on the antiamboceptor, and must be ascribed 
to the normal amboceptors present. 

In spite of this we may assume that in both series the blood-cell 
sediments contain an admixture of albuminous precipitate, fer it 
could easily be shown that the antiserum possessed precipitating 
properties. The serum, to be sure, was rather weak, especially so 
far as the intensity of precipitation was concerned. ' It is to be noted, 
however, that even with the greatest excess of rabbit serum occurring 
in our experiments, there was no failure of precipitate formation; 
in fact, this increased in proportion to the amount of prccipitable 
substance employed. Granted then, that the blood-cell sediments 
contained albumin precipitates, two alternatives may be offered 
to explain the lack of deflecting power on complements. Thus, it 
is possible that, despite the formation of a precipitate, there are no 
antibodies which are able to bind complement, or, if present, none that 
enter into the reaction. On the other hand, and this is important 
so far as the amboceptor problem is concerned, it is to be noted that 
with the technique employed by us, conditions have been introduced 
which render occurrence of deflection difficult or impossible. In order 
to produce deflection of complement, one proceeds by first mixing 
the albuminous antigen, antiserum, and complement, and subse¬ 
quently adding blood cells and amboceptor. In our experiments, 
on the contrary, the resulting sediment already contains: 1, blood- 
eells laden with amboceptor, and 2, the precipitate. The complement 
which is now added finds two alternative points of attachment, and 
it depends entirely on the relative affinity possessed by these as to 
where the complement will be bound. Had the complement been 
allowed to react with the precipitate alone, it would undoubtedly 


1 Fleischmann and Michaelis, Media. Klin., No. 1, 1906. 

2 Moreschi, 1. c. 
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have been anchored, and then, owing to the secondary tightening 
of the bonds, would no longer have been available even for a group 
possessing somewhat higher affinity. One can easily convince one’s 
self of the part played in deflection by the sequence in which the 
various reagents are added. In a recent study, Michaelis and 
Fleischmann 1 have called attention to the sources of error to which 
disregard of this circumstance may give rise. 

We made the following experiment with our antiserum: 

Two series of tubes were prepared, each containing 0.1 cc. antiserum and 
decreasing amounts of normal rabbit serum. The volume was made up to 
1.5 cc. and the mixtures allowed to stand for twenty-four hours in order to 
secure the maximum amount of precipitation. The tubes were sharply cen¬ 
trifuged, and the supernatant fluid removed. To the sediments in series A 
were then added 0.075 cc. guinea-pig serum, and the mixtures kept at 37° for 
one hour. Then the ox blood, plus 0.0015 cc. rabbit amboceptor, was added. 
In series B, the sequence was altered to: ox blood, plus 0.0015 cc. amboceptor— 
one hour at 37°—then 0.75 cc. guinea-pig serum. 

The degree of haemolysis at the end of II hours is shown in Table IY. 


TABLE IY. 


Amount of Normal 
Rabbit Serum, 
cc. 

Degree of Haemolysis. 

Series A. 

Series B. 

0.25 

0 

complete 

0.15 

faint trace 

0.1 

11 

n 

0.05 

strong 

* 11 

0.025 

(( 

0.015 

(t 

11 

0.01 

almost complete 

t e 

0 

complete 

11 


It will be seen that the precipitate has exerted a deflection of 
complement, though not to a very high degree; there is no deflection, 
however, when the sequence in which the various reagents are added 
is the same as that employed in our antiamboceptor experiments. 2 

The essential importance of the technique employed, when 


1 Michaelis and Fleischmann, Zeitsch. f. klin. Medizin. Vol. 58, 1906. 

2 It is impossible for us to say whether the sequences in which the reagent® 
are added would have the same determining influence when other ambo¬ 
ceptors, especially bactericidal amboceptors, are employed. 
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making experiments on the deflection of complement, was also well 
demonstrated by using a strong precipitating serum which had 
previously been employed for identifying human albumin. This 
serum was obtained from rabbits by immunization with human 
serum, and is therefore termed “ H-R-serum.” Since the only 
antiamboceptors which this serum can contain are those directed 
against human amboceptors, it is obvious that an antiamboceptor 
action is at once excluded if we employ rabbit amboceptors specific 
for ox blood. We began by following the regular technique employed 
by M. Neisser and Sachs 1 in their studies on the forensic blood test 
by means of antihacmolytic action, and followed this by two parallel 
experiments in which we varied the sequence of the reagents em¬ 
ployed. The details of the three tests are as follows: 

Series A. Each tube contains 0.02 cc. H-R-serum, plus 0.05 cc. guinea-pig 
serum, plus decreasing amounts human serum. Mixtures kept one hour at 
37°. Then 1 cc. 5% ox blood, plus 0.0015 rabbit amboceptor. 

Series B. 0.02 cc. H-R-serum, plus human serum, plus 1 cc. 5% ox blood, 
plus 0.0015 rabbit amboceptor. After standing one hour at 37°, 0.05 cc. 
guinea-pig serum. 

Series C. 0.02 cc. H-R-serum, plus human serum, plus I cc. 5% ox blood, 
plus 0.0015 rabbit amboceptor. After standing for If hours at 37°, the 
mixtures are centrifuged. Then 0.05 guinea-pig serum is added to the sedi¬ 
ments. 

In series C, the mixtures were kept at 37° for If hours in order to furnish 
more favorable conditions for the formation of a precipitate, and also so that 
the conditions as to time would be the same as those in the antiamboceptor 
experiment. In series B and C, the guinea-pig serum was kept at 37° for 
one hour previous to mixing. 

The result of this experiment is shown in Table V. 

TABLE V. 


Amount? of Human 
Serum, 
cc. 

Degree of Haemolysis. 

Series A. 

Series B. 

Series O. 

0.001 

0 

trace 



0.0001 

0 

i t 

1 


0.00001 

0 

moderate 


y complete 

0.000001 

0 

complete 

j 


0 

complete 

J 

1 


1 Neisser and Sachs, Berliner klin. Wochenschrift, No. 3, 1906. 
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In series A we see deflection of complement very well marked; 
in series B, in which, complement was added last, the deflection is 
considerably lessened, and when the additions are made in accord¬ 
ance with the technique of the antiamboceptor experiment, we find 
that there is no deflection whatever. In this experiment, as already 
explained, we made use of an antiserum having strong precipitating 
and deflecting power. The result confirms our contention that 
the inhibiting, action observed in our previous experiments is not 
due to the formation of a precipitate, but is caused solely by anti¬ 
amboceptors. 

i Even when present, the precipitates are unable to exert a deflec¬ 
tion on the complement provided blood-cells laden with amboceptor 
are present at the same time, so that the complement subsequently 
introduced has the alternative of combining with precipitate or with 
the prepared blood-cells. At the same time we must call attention 
to a possibility which makes it likely that an intensification of the 
power of the precipitate occurs in connection with the antiamboceptor 
action. Conditions might exist under which the complement would 
replace the antiamboceptor already bound to the amboceptor, were 
not the precipitate present at the same time. It is possible that 
this explains the varying results obtained in attempts to definitely 
replace with antiamboceptor the normal amboceptor already anchored 
to the cell, and freed from normal serum constituents. 1 It is con- 


1 Ehrlich and Sachs (l.c.) called attention to a paradoxical phenomenon, 
which consisted in the fact that the sensitized blood-cells were protected only 
by small doses of the antiserum, while an excess of antiserum did not inhibit 
haemolysis. They found, however, that the antihaemolytic effect was produced 
even with an excess of antiserum, provided a small quantity of normal serum 
homologous to the amboceptor was added. Moreschi (l.c.) interprets this 
as indicating an anticomplementary action due to the formation of a pre¬ 
cipitate. In opposition to this, it may be remarked that under analogous 
conditions the formation of a precipitate does not lead to a deflection of com¬ 
plement. The peculiarity of the phenomenon described by Ehrlich and Sachs 
consists not alone in the fact that the antiserum acts only after the addition 
of normal serum. The striking thing is that an excess should cause the anti¬ 
serum to lose its inhibiting property. In this the presence and coaction of 
normal serum constituents (precipitable substances) are entirely out of the 
question. Hence, while at first sight Moreschi’s explanation appears very 
apt, we see that it is insufficient to throw light on the entire group of facts 
presented by Ehrlich and Sachs. Fot the present it will be difficult to get 
along without accepting the possibility suggested by those authors, namely. 
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ceivable that even under these circumstances, the antiamboceptor 
is always bound, but that in many cases this union can still be 
dissolved by the complement owing to the absence of the deflecting 
precipitate. If we accept this secondary participation of the pre¬ 
cipitate in the antiamboceptor action, it is easy to understand the 
apparent failure of the antiamboceptor to be bound to the sensitized 
blood-cells. Some explanation for this lack of combination is 
certainly desirable. One would naturally expect the antiambo¬ 
ceptor to act more powerfully on the sensitized blood-cells, for in 
blood-cells laden with amboceptor the free, normal amboceptors, of 
the immune serum are absent. These free amboceptors come into 
action when the antiamboceptor acts directly on the entire immune 
serum, and they can thus lower the action of the antiamboceptor on 
the specific amboceptor. As a matter of fact, we have encountered 
instances in which the antiserum acted just as strongly on the 
sensitized cell as on the native immune serum. In other cases, 
however, the antiserum, when employed in accordance with the 
usual technique (sensitized blood 4* antiserum—one hour at 37°— 
centrifuging—addition of complement—two hours at 37°), exerted 
no action whatever. This was the case with the antiserum whose 
properties we have discussed in this paper. 

These considerations led us to see if we could make the action 
of the antiserum on the sensitized cell visible. To do this we felt 
that two things in particular had to be regarded. In the first place, 
it seemed advisible to leave the antiserum in contact with the blood- 
cells laden with amboceptor as long as possible, in order to effect 
the maximum amount of binding with the antiamboceptor. This 
would make it more difficult for the complement subsequently added 
to dislodge the antiamboceptor. In the second place, it seemed 
probable that the complement only gradually displaced the anti¬ 
amboceptor, and that examinations made at intervals would reveal 
a phase in which an antiamboceptor action can be observed. 

We arranged our experiment as follows: 


an interfering action produced by two antibodies in the antiserum, bodies 
having the type of antiamboceptors. Bo far as the details are concerned we 
must refer to the original paper of Ehrlich and Sachs. Here we would only 
remark that the interpretation given at that time is applicable also to those 
cases in which the antiamboceptor is without effect when sensitized blood- 
cells freed from normal serum constituents are employed. 
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To 1 cc. 5% ox blood are added 0.0015 cc. rabidt amboceptor, and the 
mixtures kept at 37° for one hour. Each tube receives decreasing amounts 
of antiserum, those in series A directly, and those in series B, to the blood** 
cells separated by centrifuge and freed from the fluid medium in which they 
had been suspended. The two series therefore contained, in addition to the 
antiserum: 

Series A. Blood-cells laden with amboceptor, plus free normal amlxicvp- 
tors, plus precipitable substance. 

Series B. Only blood-cells laden with amboceptor. 

Both sets of tubes are kept at 37° for two hours, then in the refrigerator 
over night, and centrifuged the next morning. The sediments are suspended 
in physiological salt solution to which, for each tula*, 1§ solvent thmm of 
guinea-pig serum have been added (0.03 cc.). The degree of IwemolyiMsf m 
noted at the end of i and 2 hours. See Table VI. 


TABLE VI. 



Degree of Hemolysis. 

Amount of 
Antiserum, 
cc. 

Series A. 

Series B. 


After Hour. 

After 2 Hours. 

After % Hour. 

After 2 Hmir*. 

0.25 

0.15 

0.1 

0.05 

0.025 

0.015 

0.01 

0.005 

0.0025 

0.0015 

0.001 

0 

0 

0 

0 

faint trace 
trace 
moderate 
almost complete 

complete 

11 

n 

0 

0 

faint trace 
strong 
complete 

n 

tt 

t f 

i t 

11 

11 

tt 

0 

0 

0 

0 

o i 

0 

moderate 

i i 

strong 

t < 

complete 

moderate 

1 1 

11 

strong 

4 & 

almost complete 
complete 

4 i 

1 ( 

4 1 

4 4 

4 1 


A number of points are brought out by this table. In mrim B we olunerv© 
that the antiamboceptor has exerted a distinct influence cm the nnfmmlm* 
ceptor 1 anchored by the cells and freed from oilier serum constituents. 
Examining the tubes at the end of half an hour we site that laefiiolymn hm 
been markedly inhibited. Subsequently, however, this inhibition gradually dis¬ 
appears, so that at the end of two hours wliat little iintiimmiolytic $Mkm k 
still present is insignificant when compared to the antiamlwKvptor fiction nt 
the end of half an hour. This result agrees very well with the umui option that 
the complement is able, after a time, to dislodge the antianilmccptor. Oft 
comparing the results in series B with those in series A, we mm that fit# 


1 Misprint for amboceptor (?)—fEditor.] 
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Inhibition of haemolysis at the end of half an hour is less marked in the latter. 
One would have expected the contrary to be the case, or the presence of pre- 
<flpitable substance in series A furnishes conditions favorable to the formation 
of a precipitate. It must not be forgotten, however, that the mixtures in 
series A also contain free normal amboceptors (eliminated in series B) and 
these may be able to diminish the antiamboceptor action. This is all the 
more likely since these amboceptors are free in solution and therefore more 
readily able to react with the antiamboceptors than are the specific am¬ 
boceptors already bound to the cell. 

At the end of two hours, on the other hand, we find that the antiambo- 
•ceptor action is more marked in series A than in series B. On the basis of 
the above assumption, this might be due to the fact that the precipitate 
produced by the large quantities of antiserum is, in a way, a deflector of 
complement, since it robs the complement of its tendency to break up the 
amboceptor-antiamboceptor combination. Under the conditions obtaining, 
the complement-binding power of the precipitate is too small to prevent the 
complement uniting with the free complementophile group of the amboceptor, 
but is large enough to restrain it when the complementophile group is already 
occupied by the antiamboceptor. Precipitate and antiamboceptor would thus 
at times mutually support each other in their action. 

To what extent such a combined action really occurs must be 
left to future investigations. In any case, we believe it important 
to bear this possibility in mind, in order to gain a clear idea of all 
the conditions which may play a part in the action of anti¬ 
amboceptors. 

Each of the two factors (precipitate and antiamboceptor) will 
surely also be able to exert an antihsemolytic effect by itself. The 
independent action of the antiamboceptor is demonstrated further 
by the fact that it persists even when the complement is increased 
several times. If the inhibition were due only to precipitates, we 
should expect that it would be overcome by an excess of complement, 
since the precipitate acts only as an anticomplement. On the con¬ 
trary, it can be shown that the inhibition produced by the anti¬ 
amboceptor persists even when the dose of complement is consider¬ 
ably increased. It might be thought that a precipitate present at the 
same time binds all the complement added, but this is not the case. 
It is possible to demonstrate the presence of sufficient free complement 
by separating the fluid from the undissolved blood-cells, and allowing 
it to act on native, sensitized blood-cells. This fact agrees with 
Bordet's observation that the antiamboceptor robs sensitized blood- 
cells of the 'power to bind complement. When we employed a 
very small quantity of complement, just sufficient to produce com- 
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plete haemolysis, we did, to be sure, observe a slight loss of comple¬ 
ment, despite the presence of antiamboceptor. We believe that this 
is caused by the presence of a very small amount of precipitate. The 
important fact, however, is that we could demonstrate plenty of 
free complement, although there was no haemolysis. 1 A brief de¬ 
scription of such an experiment follows: 

To 0.125 cc. antiserum are added 0.0015 cc. rabbit amboceptor, 
and the mixtures kept at room temperature for 45 minutes. Ox 
blood is added, and the mixtures kept at 37° for one hour. After 
centrifuging, the sediments are mixed with guinea-pig serum, as 
follows: 

1. 0.075 cc. = lj complete solvent doses. 

2. 0.1 cc. = 2 solvent doses. 

3.0.2 cc. =4 solvent doses. 

4. 0.3 ' ec. = 6 solvent doses. 

The tubes are kept at 37° for two hours, then over night in the 
ice chest. The following day the supernatant fluids are carefully 
poured off and tested for complement by adding the sediments 
obtained from 1 cc. 5% ox blood plus 0.0015 cc. rabbit amboceptor. 
The result is shown in Table VII. 

TABLE VII. 


Amount of 
Guinea-pig Serum, 
cc. 

Degree of Haemolysis. 

Of the (Original 
Mixtures. 

Of the decanted 
Fluids Digested 
with Ox Blood plus 
Amboceptor. 

0.075 

0 

strong 

0.1 

0 

complete 

0.2 

0 

t i 

0.3 

0 

it 


Although as indicated in the first column of the table, there is a 
moderate diminution of complement, we note that despite a plentiful 
amount of complement, haemolysis does not occur. The reason for 


1 We see, therefore, that the ability of the complement to dislodge anchored 
antiamboceptor (if such a power is at all possessed by the complement) does 
not always manifest itself. 
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this is because the complementophile group of the amboceptor is- 
occupied by the antiamboceptor, whereby this point of attachment is 
blocked for the complement as with a complementoid. 

' Summing up the results of our experiments, we must conclude 
that it is impossible longer to doubt the existence, in the antiserum, 
of antibodies directed against haemolytic amboceptors. It is possible v 
to differentiate them in their action, even when antibodies for 
albuminous substances are present at the same time. This estab¬ 
lishes the antiamboceptors as inhibiting substances sui generis. 
By the formation of precipitates, the albumin-antibodies may, at 
times, more or less favor the action of the antiamboceptors, without,, 
however, exhibiting the complement-binding power inherent in them.. 














XLVIII. DISSOCIATION PHENOMENA IN THE TOXIN- 
ANTITOXIN COMBINATION . 1 


By Doctors R. Otto and H. Sa.chs. 

In recent years a number of investigators have called attention 
to a curious paradoxical phenomenon, namely, that with suitable 
mixtures of toxin and antitoxin the toxicity for animals is the greater 
up to a certain point, the smaller the fractional part injected. It is 
to the keen observation of Behring 2 that we owe the first data on 
this subject. Behring found that the injection of 1-50, or even 1-500, 
part of a mixture of tetanus toxin and tetanus antitoxin was more 
highly toxic for mice than the injection of the entire amount. It 
should at once be stated that the fractional parts were diluted with 
water, so that the volume injected was the same in all cases. Analo¬ 
gous observations were recently made by Madsen 3 * * working with 
the toxin of botulism. This investigator found that toxin-antitoxin 
mixtures which exerted only very slight toxic effects might still kill 
guinea-pigs, if but the fortieth or eightieth part of the mixture were 
used. Similarly, the slight toxic effects of the full amount could 
be entirely avoided if ten times this quantity was injected. We, too, 
encountered the phenomenon some years ago in the course of test 
tube experiments on the haemolytic action of garden-spider toxin. 
After the publication of Madsen 7 s observations, we took up the 
question anew, and studied the phenomenon in mixtures of botulism 
toxin and antitoxin. In view of the interest which attaches to the 

1 Reprinted from Zeitschr. f. exp. Pathol, u. Therapie, Vol. Ill, 1906. 

2 E. von Behring, Aetiologie and aetiologische Therapie des Tetanus. Beh¬ 
ring’s Beitrage zur experimentellen Therapie, Heft 7, 1904, p. 51; also ibid. 
Heft 3, 1900, p. 1092. 

3 Th. Madsen, Gifte und Gegengifte, Centralblatt f. Bacteriologie, Referate, 

Vol. 37, 1905; also Proceedings of the Danish Academy of Sciences, Meeting, 

.Dec. 16, 1904. 
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subject, we have felt it advisable to publish the results of our experi¬ 
ments, especially since they shed some light on the cause of the 
paradoxical results. 

The botulism toxin and its antitoxin was kindly furnished us by 
Professor Porssmann of Lund. We began by experimenting with 
mice, and first determined the lethal dose by subcutaneous injections. 
This is shown in the following table: 


TABLE I. 


Dose of Toxin. 

Effect on the Animal. 

Remarks. 

0.0002 

f2* 

_ 

0.0001 

t3 

— 

0.00009 

lives 

sick 8 days 

0.00008 

CC 

sick 3 days 


* f2, etc., denote death on the second day, etc. 


We next determined the L 1 * quantity of the antitoxin, using 
1,000 times the fatal dose (0.1 cc.) for this purpose. The mixtures 
of toxin-antitoxin were allowed to stand for three hours at room 
temperature previous to injection. The result of this test is shown 
in Table II. 


TABLE II. 


Doae of Toxin. 

Dose of 
Antitoxin. 

Effect on the 
Animals. 

Remarks. 

0.1 

0.001 

lives 

_ 

0.1 

0.0009 

i c 

— 

0.1 

0.0008 

(C 

— 

0.1 

0.0007 

it 

sick 1 day 

0.1 

0.0006 

it 

sick 4 days 

0.1 

0.0005 

H 

— 

0.1 

0.0004 

t 2 

— 

0.1 

0.0003 

I 

n 

■—* 


The experiments proper began with a mixture of toxin, 0.Id- 
antitoxin, 0.0006. The mice were injected subcutaneously with 
1/1, 1/2, 1/5, 1/10, etc., of this mixture. The dilutions were pre¬ 
pared immediately before the injection, and the volume of the fluid 
injected was always 1 cc. The result is shown in Table III. 
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TABLE III. 


The Injection was Made 


Fractional Part 
of the Mixture 
(0.1 Toxin 4- 
0.0006 Anti¬ 
toxin) Injected. 

A 

Directly after Mixing. 

B • 

After Three Hours* Standing. 

Effect. 

Remarks. 

Effect. 

Remarks. 

1/1 

lives 

sick 2 days 

lives 

sick 3 days 

1/2 

t i 

sick 4 days 

11 

sick 3 days 

1/5 

t2 

— 

l c 

sick 5 days 

1/10 

m 

— 

13 

— 

1/20 

t2 

— 

13 

— 

1/50 

t2 

— 

15 

— 

1/75 

t2 

— 

14 

— 

1/100 

13 


lives 

sick 2 days 


The table needs no further explanation. It completely confirms 
the results obtained by Madsen, and exhibits the paradoxical phe¬ 
nomenon in the clearest maimer. It should be noted that it makes 
very little difference whether the dilutions of the original mixture 
and the injections are made immediately after preparing the mixture 
or after the latter has stood for three hours, though the phenomenon 
is perhaps somewhat more striking if the injections are made at 
once. 

A deeper insight was afforded when we used rabbits for the 
inoculations, for then we were able to apply the toxin-antitoxin 
mixtures by means of intravenous injections. A comparison of the 
L 1 * values in rabbits, both with subcutaneous and intravenous 
injections, at once showed marked differences. Thus when we 
injected toxin-antitoxin mixtures which had stood three hours, we 
found the intravenous injections to be considerably more toxic than 
the subcutaneous. If, however, we waited 24 hours after preparing 
the mixtures, and then injected, we found that this difference 
was practically wiped out. Such an experiment is reproduced in 
Table IV. 

From the table we see that the toxicity of the mixtures by sub¬ 
cutaneous injection has been but slightly. altered by the 24 hours' 
standing; there is perhaps a little impairment, but it is inconsider¬ 
able. When intravenous injections are employed, however, a marked 
loss of toxicity is caused by the twenty-four hours' standing. In the 
case of this botulism toxin we are apparently dealing with the same 
conditions which Morgenroth has described in the case of diphtheria 
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TABLE IV. 

(A) Determination of Lf when Mixtures have stood 3 Hours. 


Dose of 
Toxin. 

Dose of 
Antitoxin. 

Subcutaneous. 

Intravaneous. 

i 

Effect. 

Remarks. 

Effect. 

Remarks. 

0.1 

0.0004 

|4 

_ 

t2 

_ 

0.1 

0.0007 

lives 

sick 2 days 

t3 

— 

0.1 

0.001 

_ 

— 

t3 

1 

— 


( B ) Determination of Lf when Mixtures have stood 24 Hours. 


0.1 

0.0001 

t3 

_ 


\2 


0.1 

0.0002 

t4 

— 


•4 

— 

0.1 

0.0004 

1-17 

— 

- 

16 

— 

0.1 

0.0007 

lives 

lively 

lives | 

slightly ill 

3 days 
lively 

0.1 

0.001 

— 

— 

lives 


toxin. Morgenroth 1 found that the reaction between diphtheria 
toxin and its antitoxin proceeded slowly, but that the time relations 
could be brought out only by maens of intravenous injections. When 
subcutaneous injections were employed, the length of time which 
the toxin-antitoxin mixtures remained in contact appeared to have 
no influence whatever. Morgenroth therefore assumed “ that in the 
subcutaneous areolar tissue certain factors are present which hasten 
the union of toxin and antitoxin.” His idea, then, is that the reac¬ 
tion is hastened by certain positive catalytic influences. 2 We shall 
probably not err if we interpret our own results, with botulism toxin, 
in the same manner, and assume that they are the result of a slow 
reaction between toxin and antitoxin, which reaction is hastened in 
the subcutaneous connective tissue. 

In view of these facts one might assume that the increased tox¬ 
icity of fractional portions of a relatively neutral toxin-antitoxin 
mixture was due to the catalytic action of the tissues, somewhat in 


1 Morgenroth, Untersuchungen uber die Bindung von Diphtherietoxin und 
Antitoxin, zugleich ein Beitrag zur Kenntniss der Constitution, des Diphtherie- 
giftes. Zeitschrift f. Hygiene, Yol. XLVIII, 1904; also Berliner Min. 
Wochenschr., No. 20, 1904. 

2 Attention may be called to the fact that von Behring assumed the exist¬ 
ence of a positive katalysator (conductor) in fresh tetanus antitoxin. See,, 
Deutsche mid. Wochenschrift. No. 35, 1903. 
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the following manner: the original mixture injected subcutaneously 
is not yet completely neutralized and becomes so only through the 
catalytic action of the subcutaneous tissues. It is conceivable that 
this catalytic action might become less with decreasing concentra¬ 
tion of the toxin-antitoxin mixture, so that the original concentrated 
solution proved non-poisonous while a fractional part of the same, 
through the absence of the neutralizing catalytic action, would still 
be toxic. Such an assumption would at least explain certain of the 
observed facts. It seemed advisable, therefore, to repeat the ex¬ 
periments in such a way as to exclude the catalytic action of the? 
subcutaneous tissue and this was easily possible by injecting rabbits 
intravenously. The determinations of the L* dose for rabbits are 
shown in the following table: 


TABLE Y. 


Amount of 
Toxin. 

Amount of 

Antitoxin. 

Intravaneous 

Standing 3 Hours. 

Injection after 

1 Standing 24 Hours. 

Result. 

Remarks. 

Result. 

Remark**. 

0.5 

0.001 

_ 

— 

f2 


0.5 

0.0015 


— 

f3 


0.5 

0.002 

t 2 

— 

to 

■— 

0.5 

0.003 

t4 

— 

lives 

ill 2 clayu 

0.5 

0.004 

tl5 




0.5 

0.005 

lives 

lively 

— • 

— 


Having obtained these data, we injected two series of rabbits with 
dilutions of the following mixtures: 

(а) 0.5 toxin plus 0.004 antitoxin standing 3 hours. 

(б) 0.5 toxin plus 0.003 antitoxin standing 24 ho urn. 

The result of the experiment is shown in Table VI. 

From this table we see at once that even when intravenous injec¬ 
tions are employed, the increased toxicity of fractional portions of 
toxin-antitoxin mixtures is still strikingly manifested. We shall, 
therefore, have to assume that really neutralized mixtures of toxin 
and antitoxin become more toxic on dilution, that, in other words, 
there is a dissociation of the toxin-antitoxin combination when the 
mixtures are diluted. From Table VI b, moreover, we team that* 
this dissociability almost disappears when the mixtures have stood 
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TABLE VI. 


Fractional 
Portion of the _ 


Mixture a. 


Mixture b. 

Mixture 

Injected. 

Result. 

Remarks. 

Result. 

Remarks. 

i/i 

lives 

ill 2 days 

lives 

well(?) 

1/2 

t5 

- 

11 

1/4 

t5 

— 

t ( 

ill a long time 

1/8 

lives 

ill 4 days 

11 

well(?) 

1/16 

lives 

well 

( e 

ill several days 

1/32 

lives 

t i 

it 

well 


for some time. With mixtures that have stood 24 hours before dilut¬ 
ing, there is practically no increase in toxicity as a result of dilution, 
and this is all the more noticeable because the mixture which stood 
24 hours contained only three-quarters of the quantity of toxin con¬ 
tained in that which stood only three hours. It is necessary, there¬ 
fore, to distinguish two phases in the reaction between toxin and 
antitoxin, a primary phase in which neutralization has taken place, 
but in which dilution suffices to again liberate some of the toxin, and 
a secondary phase in which this is no longer possible or is possible 
only to a very slight degree. The assumption of these two phases 
accords completely with Ehrlich’s views concerning the relations 
existing between toxin and antitoxin. We assume that in the toxin- 
antitoxin reaction there exists a stage in which the reaction is to a 
certain extent reversible, and that this is succeeded by a tightening 
of the bonds, a stage of firm union, in which the reversibility is lost. 
The most striking example of this secondary tightening is that known 
as the Danysz-Dungem 1 phenomenon, which consists in the demon¬ 
stration of increased toxicity of toxin-antitoxin mixtures by the 
fractional additional of the toxin. 

In the phenomenon which we are studying, the first stage of the 
reaction, namely, that of reversibility, is brought out by diluting; the 
mixtures. It has, of course, long been known that the union of 
toxin and antitoxin proceeds more rapidly in concentrated than in 
dilute solutions, and this has from the outset been emphasized by 
Ehrlich. What was new about these observations was the fact that 
neutralized, concentrated toxin-antitoxin mixtures could be disso- 

1 y. Dungern, Deutsch. med. Wochenschr., 1904; Sachs, Berl. klin. Wochen- 
echr., 1904; and Centralbl. Bacteriol. I Abt., Orig. Vol. XXXVII, 1904. 
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ciated to so great a degree by diluting the mixtures. The process 
reminds one in a way of the well-known chemical phenomenon of 
hydrolytic dissociation. To mention but a single example, acetic 
acid and alcohol unite to form ethylacetate. Conversely, however, 
when diluted with water, ethylacetate decomposes into its two 
components, acetic acid and alcohol. If we regard the toxin as the 
acetic acid, the antitoxin as the alcohol, and the neutral toxin-anti¬ 
toxin mixture as the product of the two, ethylacetate, we get a good 
picture of what occurs when we dilute the toxin-antitoxin mixture. 
Our experiments show, then, that by diluting neutral toxin-antitoxin 
mixtures it is possible to recover the two components, toxin and anti¬ 
toxin, up to a certain point. Furthermore, the possibility of doing 
this by dilution exists for only a comparatively short time. After 
this the secondary tightening of the bonds effects such a firm union 
that this mode of separating the two components does not avail. 
By making use of special methods, however, it is possible, even after 
a considerable time, to liberate the toxin from a neutral toxin-anti- 
toxin mixture. This is well shown by the interesting experiments 
recently published by Morgenroth. 1 This author showed that by 
allowing hydrochloric acid to act on a neutral mixture of cobra 
venom and its antitoxin, complete dissociation could be effected, 
so that the entire amount of the two substances could be recovered. 
Morgenroth rightly regards this demonstration as an important 
argument in favor of the chemical theory of the toxin-antitoxin 
reaction, and emphasizes the fact that this behavior in no way 
contradicts the stereochemical conception formulated by Ehrlich. 

Conditions apparently are such that after the union has become 
firm only the intense influence of powerful agents, such as hydrochloric 
acid in the case before us, or ferments in the case of glucosides, are 
able to effect dissociation. In contrast to this, we see that the di¬ 
lution phenomenon studied by us is demonstrable only during the 
stage of loose union, mere dilution being unable to effect dissociation 
after the union has become firm. It is evident, from what has been 
said, that it is impossible to analyze these reactions according to the 
principle of the Guldberg-Waage law. Objection must also be made 
to the attempts to view these relations from the standpoint of 
colloid chemistry. These attempts grow out of purely external 


1 Morgenroth, Ueber die Wiedergewinnung von Toxin aus seiner Antitoxin- 
verbindung, Berliner klinische Wochenschrift, 1905, No. 50. 
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analogies which in no way warrant abandoning the structuro- 
chemical conception. The latter alone has been able to do justice to 
the manifold phenomena under discussion. 

We have seen that the increased toxicity effected by dilution is 
not dependent on any special vital influences on the part of the 
animal injected. This point is still further confirmed by experi¬ 
ments which we made with arachnolysin (the haemolytic principle 
of the garden spider *), in which we were able to reproduce the same 
conditions in test-tube experiments. 1 2 

The serum employed in our experiments was obtained by im¬ 
munizing rabbits against arachnolysin. This poison is particularly 
well suited for experiments of this kind because it is very resistant 
and because the reaction between arachnolysin and antilysin is 
practically completed in an hour. During the first hour, to be sure, 
the course of the reaction is a gradual one. The blood used was 
always 1 cc. of a 5% suspension of rabbit blood. Of the arachno¬ 
lysin 0.2 cc. (approximately 200 complete solvent doses) were mixed 
with varying amounts of antilysin and the mixtures made up to an 
equal volume (8 cc.) with physiological salt solution. The first 
titration of the mixture was undertaken at the end of an hour, and 
a second at the end of 24 hours. The contents of each tube was 
always made up to 2 cc. with salt solution. The result of the 
experiment is shown in Table VII. 

1 Sachs, Zur Kenntniss des Kreuzspinnengiftes. See this volume, page 
167. 

2 Madsen, to be sure, mentions similar observations in the case of saponin 
and cholesterin. His experiments, however, do not impress us as justifying 
the analogizing conclusion which he draws. Thus one sees that the deter¬ 
minations of the haemolytic power of the saponin do not proceed quite 
regularly; the saponin by itself, in his tests, sometimes acts more powerfully 
in small doses than in large. Then, too, in the titrations of the saponin- 
cholesterin mixtures there are zones of marked action from which there is 
diminished haemolysis both with larger and # with smaller doses. Finally, it 
should be noted that this diminution is succeeded upwards by a progressive 
increase of haemolysis, reaching its maximum with the largest dose of the 
mixture. It is evident, therefore, that these experiments of Madsen have 
nothing to do with the phenomena observed by him or with those observed 
by us with the toxin of botulism. We are unable to say what causes the 
irregularities in the saponin-cholesterin tests. The mechanism of the action 
of cholesterin on saponin is manifestly entirely different from that of 
the toxin-antitoxin reaction. 
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TABLE VII. 

A. 

The Haemolytic Power Determined at the End of 1 Hour. 


Amount of 

The Mixture was Composed of 0.2 re. Arachnolysin + Antiarachnolysin, 

cc. 

l 

2.4 cc. 

2.0 cc. 

1.6 cc. 

1.2 cc. 

0.8 cc. 

1.0 

0 

0 

faint trace 

moderate 

! complete 

0.5 

0 

0 

trace 

i < 

1 i i 

0.25 

0 

faint trace 1 

moderate 

marked 

i i l 

0.15 

0 

trace 

complete 

t ( 

i ( 

0.1 

0 

t i 

moderate 

moderate 

i i 

0.05 

faint trace 

slight 


i t 

i f 

0.025 

C ( 

trace 

slight 

slight 

marked 

0.015" 

l ( 

( t 

trace 

tt 

11 

0.1 

i1 

faint trace 

faint trace 

tt 

moderate 






_ , 


B. 

The Hemolytic Power Determined at the End of 24 Hours, 


1.0 





faint trace 

moderate 

complete 






trace 

11 

0.25 





<, i 

marked 

1 1 

0.15 





e ( 

11 

i t 

0.1 


■ 0 


0 

11 

moderate 

a 

0.05 





i ( 

11 

a 

0.025 





faint trace 

11 

marked 

0.015 





i l 

slight 

1 1 

0.01 



j 


i t 

trace 

1 1 


The table shows that in relatively fresh mixtures of arachno- 
lysin and antiarachnolysin the dilution phenomenon ean be strikingly 
demonstrated. With the mixtures which have stood for 24 hours, 
however, the power of acting more strongly in smaller doses has 
largely disappeared, though even here there is some indication of 
the curious phenomenon. It fact, even after 48 and 72 hours the 
phenomenon is present to a slight degree. We see, therefore, that 
the results with arachnolysin correspond entirely with those observed 
with botulism toxin, and the same explanation applies. 

Before closing this paper, we must call attention to a remarkable 
observation made in the course of these experiments. On resuming, 
this summer, the work which we had begun a year and more before, 
we found it impossible to reproduce the paradoxical phenomenon 
with the old sera left from the original experiments. We therefore 
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prepared fresh antilytic sera by immunizing rabbits, and found that 
these at once gave the paradoxical results under discussion. Con¬ 
cerning the cause of this peculiar behavior of fresh and old anti¬ 
toxin we can only offer conjectures. One could assume that on 
standing the antitoxin becomes changed into a form possessing greater 
affinity. It must be admitted that the experiences had with other 
sera, both antitoxic and bactericidal, do not lend support to this 
assumption, since thus far we know age merely to weaken the sera 
but not to increase the antitoxic action. It is more natural, there¬ 
fore, to assume that the serum contains substances which act like 
negative catalyzers. Thus, while the positive catalyzers already 
mentioned hasten the toxin-antitoxin reaction, the negative cata¬ 
lyzers assumed to exist in the serum would retard the tightening 
of the union. One would then say that the fresh antiarachnolysin 
serum contained the negative catalyzer, and that this by retarding 
the tightening of the union, made possible the dissociation of the 
two components when the mixtures were diluted. In an old serum, 
on the other hand, this retarding substance would be absent, thus 
making the toxin-antitoxin union firm in a very short time. In 
that case, of course, the dilution phenomenon could not be demon¬ 
strated. 

We believe that a mere study of the successive events in the 
toxin-antitoxin neutralization permits of no direct conclusions. We 
have seen that it is impossible to exclude certain factors which 
markedly affect the course of the reaction; the existence of positive 
catalyzers had necessarily to be assumed, and the influence of nega¬ 
tive catalyzers was rendered probable by the results of our investi¬ 
gations. It is therefore impossible by a mere numerical analysis of 
the course of the experiment to draw definite conclusions concerning 
the absolute combining affinity in the toxin-antitoxin reaction. 









XLDL TEE PARTIAL-FUNCTIONS OF CELLS . 1 

By Prof. Pa.tjl Ehrlich. 

The history of our knowledge of vital phenomena, and of ist 
organic world can be divided into two parts. For a long -tine 
anafomy ; especially the anatomy of the human body, constrboi'fce 
the beginning and the end of scientific knowledge. Further pro^grrei 
was only made possible by the invention of the microscope. Man 
years, however, passed by before Schwann demonstrated tho ce 
as the final biologic unit. It would be like carrying wisdom t 
Athens to sketch for you the immeasurable progress which wo ov 
to the introduction of the cell concept, the concept about whictx 
entire modem science of life turns. 

I take it to be generally accepted that everything which goes o 
within the body, assimilation and disassimilation, is referable?, 3 
the final analysis, to the cell; that the cells of different organs aa 
differentiated from each other in a specific manner, and that t>lx 
differentiation makes it possible for them to fulfill their variot 
functions. 

The results mentioned were achieved principally by histologic 4 
examinations of dead and living tissues, though the allied sciemoe; 
physiology, toxicology, and especially comparative anatomy an 
biology, made most valuable contributions. Nevertheless I ai 
inclined to believe that the aid which the microscope has given, am 
can still give us is approaching a limit, and that in a deeper malye, 
of the all-important problem of cell life the application of optics 
contrivances, no matter how delicate, will fail us. The time hi 
come for a further study of the minute chemistry of cell life; -tfc 
concept cell must be resolved into a large number of distinct pczr £%4 


1 The Nobel Lecture, delivered in Stockholm, Dec. 11, 1908. Rep:rint€ 
from Munchener mediz. Woeheuschrift, No. 5, 1909. 
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functions. The activities of a cell, however, are essentially chemical 
in nature, and since the formation of chemical structure is beyond 
the pale of visibility, it follows that we must cast about for other- 
methods of study. This is important not only for a real understand- 
ing of vital phenomena, but because it constitutes the basis of a. 
truly rational use of drugs. 

The first step in this complicated domain was taken, as is often 
the case, quite indirectly. Following Behring’s great discovery of 
the antitoxins, I sought to gain a deeper insight into the nature of 
their action, and after considerable study succeeded in finding the 
key to the mystery. 

You all know that the power to excite the production of anti¬ 
bodies is confined to a distinct group of poisonous substances, the 
so-called toxins. These are products of the metabolism of animal 
or vegetable cells: diphtheria and tetantus toxins, abrin, ricin r 
snake venom, and many others. None of these substances can be 
crystallized; all seem to belong to the class of substances spoken of 
as albuminoid. In general the toxin is characterized by two prop¬ 
erties, first, its toxicity, second, its power to excite the production 
of a specific antitoxin in the animal body. 

In my quantitative investigations concerning this process I 
found that the toxins, especially solutions of diphtheria toxin, 
underwent a peculiar transformation, either spontaneously on stand¬ 
ing, or through the action of thermic or chemic influences. While 
their toxicity was lost to a greater or less extent, their power to 
excite antibody production in the animal body remained intact. 
Furthermore, it was found that these transformation products, 
which I term toxoids and which my esteemed friend, Professor 
Arrhenius, has encountered in his numerous experiments, these 
toxoids still retained the power to specifically neutralize the anti¬ 
toxin. In fact, in favorable cases it was possible to demonstrate 
that the transformation of toxin into toxoid is quantitative, i. e., a 
certain poison solution would neutralize exactly the same amount of 
antitoxin before as after the transformation into toxoid. 

These facts permit of but one explanation, namely, that the 
toxin possesses two groups having different functions. One of these 
which remains intact in the “toxoid" and which therefore is to be 
regarded as the more stable, must possess the property of exciting the 
production of antibodies when injected into an animal, and must 
also be able to neutralize the antibody both in a test tube and in 
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vivo. Since, however, the relations existing between toxin and its 
antitoxin are strictly specific (tetanus antitoxin neutralizes only 
tetanus poison, diphtheria serum only diphtheria poison, snake 
antivennin only snake venom, etc., etc.) it is necessary to assume 
that a chemical union occurs between the two opposing substances. 
In view of the strict specificity this binding is best explained by 
assuming the existence of two groups having a definite configura¬ 
tion, of two groups fitting one another like a lock to a key, to use 
Emil Fischer's apt comparison. Considering the firmness of the 
union on the one hand, and the fact that neutralization takes place 
•even in very high dilutions without the aid of chemical agents, we 
must assume that the binding is due to a close chemical relationship, 
in all probability analogous to a true chemical synthesis. 

Recent investigations, in fact, have shown that it is possible, by 
chemical interference, to disrupt the combination, to split the toxin- 
antitoxin union into its components. Morgenroth, for example, has 
shown this with a number of poisons. Thus with snake venom and 
diphtheria poiosn he found that the action of hydrochloric acid 
caused the toxin-antitoxin combination to resolve into its original 
components, just as in pure chemistry stable combinations such as 
the glucosicles, when acted on by acids, are resolved into their two 
components, sugar and the constituent aromatic group. Thews 
investigations showed that the more stable group of the toxin 
molecule, the group to which I have given the name “haptophore," 
is able to exhibit marked chemical activity of specific character, 
and it was therefore veiy natural to assume that just this group 
effected the anchoring of the toxin to the cell. We see, for example, 
how many species of bacterial poisons take weeks before they pro¬ 
duce disturbances, and how they confine their injurious action to 
heart, kidney, or nerve. We see animals ill of tetanus infection 
exhibiting spasms and contractures for months. All this compels 
us to admit that these phenomena can only be caused by the anchor¬ 
ing of the poison by certain definite cell complexes. 

I therefore assumed that tetanus poison, for example, united 
with certain definite chemical groups of the cell protoplasm, partic¬ 
ularly of the protoplasm of the motor ganglion cells, and I further 
believed that this chemical union was the prerequisite and the cause 
of the disease. These groups I termed “ poison receptors/' or simply 
“receptors.” Wassermann, through his well-known experiments, 
was able to demonstrate the correctness of this view, by showing 
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that normal brain substance is able to neutralize definite quantities 
of tetanus toxin. A number of objections were made against these 
experiments, but they proved to carry no weight. I am convinced 
that it has been proven conclusively that the cells contain definite 
chemical groups which bind the poison. And that these groups, 
receptors, react with the haptophore portion of the toxin, is shown 
by the fact that it is possible to immunize with toxoids, in which, 
of course, only the haptophore group is present. We know that this 
haptophore group of the toxins must possess a peculiar, highly 
complex stereochemical structure, and since it reacts in exactly the 
same manner both with the antitoxin and with the cell receptors, we 
conclude that the group contained in the protoplasm, the cell receptor, 
must be identical with the “ antitoxin ” present in solution in the 
scrum of the immunized animals. In view of the fact that the cell 
receptor constitutes the preformed element, while the artificially 
produced antitoxin represents the result, i. e., the secondary element, 
it is most natural to believe that the antitoxin is nothing else than 
thrust-off constituents of the cell, in fact surplus receptors which 
have been thrust off. The explanation for this is very simple. It 
is merely necessary to assume that the various specific cell receptors 
which bind, for example, snake vemon, diphtheria poison, tetanus 
poison, botulism poison, etc., are not intended to serve as poison 
catchers for poisons with which the animal perhaps never comes into 
contact under ordinary conditions, but that they are really designed 
to chemically bind normal metabolic products, i. e., that they are 
intended primarily to effect assimilation. These receptors are there¬ 
fore to be thought of as side chains of the protoplasm possessing the 
power of assimilation. When laid hold of by a toxin molecule, the 
particular normal function of this group is lost, put out of action. 
Thereupon, following the principle discovered'by Weigert, the pro¬ 
toplasm not only renairs the injury, but even over-compensates the 
defect, L e., there is superregencration. Finally, with the accumu¬ 
lation and repetition of the injections, so many of these regenerated 
groups are formed in the body of the cell that they hinder, as it 
were, the normal cell functions, whereupon the cell rids itself of the 
burden by thrusting the groups off into the blood. 

The most striking thing about this process is the enormous 
difference between the amount of poison injected and the antitoxin 
produced. Some idea of this disproportion can be gained from the 
statement made by Knorr that one part of toxin produces a quantity 
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of antitoxin sufficient to neutralize one million times the quantity of 
toxin injected. 

There are those, to be sure, who believe the process is much 
simpler than this. Straub, for example, thinks it is essentially 
analogous to simple detoxicating phenomena occurring in the body, 
comparing it, for example, with the formation of an ethereal sul¬ 
phuric acid from injected phenol. The only difference, Straub 
believes, is that phenol sulphuric acid is stable in the organism, while 
the toxin-antitoxin combination is unstable, being partially destroyed 
in the organism. This destruction, however, affects only one com¬ 
ponent, the injected toxin, the other, the reaction product of the 
organism (being related to the organism and therefore not a foreign 
biological substance) escapes elimination and remains in the blood 
and body fluids. By systematically repeating the poisoning it is 
thus possible to increase the protective power of the blood, so that 
when this blood is injected into other animals the protective power 
is transformed, and the injected animals become resistant to the 
toxic infection. 

This is Straub’s idea. With so simple an explanation, one will 
wonder why this question has engaged the attention of so many 
investigators in immunity these many years. As a matter of fact, 
however, it seems entirely toffiave escaped the author that according 
to his theory a certain quantity of toxin can only produce an equiv¬ 
alent amount of antitoxin. Fortunately, however, in immuniza¬ 
tion this is not the case. It can be shown, as has already been said, 
that one part of toxin can produce an amount of antitoxin a million 
times more than the equivalent. This alone is enough to show 
how untenable Straub’s conception is. 

Of far greater importance is the fact that the demonstration of 
this hyperregeneration proves the preformation and the chemical 
individuality of the corresponding toxin receptors. That which the 
cell constantly produces and which can be given off to the blood after 
the manner of a secretion must have a chemical “ individuality.” 
This constitutes the first step toward resolving the cell concept into 
a large number of separate individual functions. From the begin¬ 
ning I had assumed that the toxin represented nothing more than an 
assimilable food stuff to which in addition, by chance as it were, was 
attached a side group, very labile in character, which really exerted 
the toxic action. 

This view was very quickly confirmed in a number of ways. 
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The actual independence of haptophore and toxophore groups was 
conclusively demonstrated by the discovery ■ of substances which 
had the power to excite the production of antibodies, and which, 
therefore, were antigens, without possessing any toxic action. I 
rnay remind you of the precipitins first observed by Kraus, Tschis-. 
tovitsch and Bordet. These authors showed that albuminous bodies, 
clerived from either animal or vegetable organisms were able to. 
excite the production of specifically reacting antibodies, and this, 
whether they possessed toxic properties or not. The demonstration 
of their antigen nature was thus extended to true food stuffs, a result, 
to be expected on the basis of my theory. Moreover, even among 
the poisons found in nature, some have been encountered in which 
the independence of the haptophore and of the toxophore apparatus, 
is at once recognized. I refer to cytotoxins which are found normally 
in the blood serum of certain higher animals, or which can be artifi¬ 
cially produced by immunization with any particular species of cell. 
These cytotoxins differ from all other poisons known to us by the 
extraordinary specificity of their action by a degree of monotropism 
possessed, so far as we know, only by the poisons derived from the 
living animal body. Owing to their complex constitution it is easy 
to differentiate the haptophore and the toxophore apparatus, and 
to show that the function of the distributive component, the ambo¬ 
ceptor, is to concentrate the really active substance on the affected 
cell. This is effected by an increase in the affinity of the amboceptor 
after union with the cell has taken place. The fact that ani¬ 
mal cells act as antigens without possessing any toxic action, and the 
fact that it is possible to immunize with dissolved albuminous sub-, 
stances, demonstrates that only the haptophore group is responsible 
for the formation of antibodies. 

The recognition and the careful analysis of the specific relations, 
existing between the haptophore groups of antibodies and of recep¬ 
tors, has proven of the highest theoretical and practical importance 
in serum diagnosis. To cite only a few examples, let me call your 
attention to the determination of the agglutinating titer in its 
application to the Widal reaction in typhoid fever, to the method 
of differentiating albumins introduced by Wassermann and XJhlen- 
huth, and its significance in the forensic diagnosis of blood, to the. 
measurement of the opsonic index introduced by Wright, and to 
numerous applications which have been made of the method of* 
complement binding, a method whose scientific basis also rests. 
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on the principle of anchoring the antibody to the haptophore 
group. 

Without going further into this subject, I wish merely to em¬ 
phasize the fact that there are a number of foodstuffs, mostly probably 
albuminous in character, which find specific receptors on the cells, 
and that we are thus enabled by means of immunization to draw 
these receptors into the blood. Here they present themselves in 
various forms as agglutinins, precipitins, amboceptors, and opsonins, 
and as antitoxins and antiferments. By causing them to accumulate 
in the blood we can subject these substances to minute analysis, 
a procedure entirely out of the question so long as they remained 
part of the cell. The extent to which the analysis of these reactions 
can be pursued is well illustrated by the study of the toxin-antitoxin 
combination and by the recognition of the complex character of the 
amboceptor action. 

This, of course, does not by itself solve the mystery of life. Com¬ 
paring the latter to the complex structure of a mechanical apparatus, 
we might say that we are at least able to take out some of the wheels 
and study them minutely. This is certainly a great advance over 
the former method—to smash the entire apparatus and then hope 
to learn something from the mass of fragments. 

I term all the receptors which are enabled and designed to assimi¬ 
late foodstuffs for the cell “nutri-receptors.” I consider that these 
nutri-receptors constitute the source of the antibodies mentioned 
above. From a pluralistic standpoint it is, of course, necessaiy to 
assume that there are a large number of nutri-receptors of various 
kinds. In view of the complexity of the organism, and of the 
multiplicity and specificity of the cell functions, a standpoint other 
than this appears out of the question. In immunizing we can dis¬ 
tinguish three classes of nutri-receptors, namely: 

1. Those which do not pass into the blood in the form of anti¬ 
bodies. We may assume that this is the case with nutri-receptors 
serving the very simplest functions, as, for example, the absorption 
of simple fats and sugars. 

2. Those which pass into the blood in the manner described 
above, forming characteristic antibodies. The production of these 
corresponds to a superregeneration. 

3. The third form contrasts with the preceding, in that instead 
of a regeneration, there is a disappearance of receptors. Experi¬ 
mental evidence of the occurrence of this form, to be sure, has thus 
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far been very meagre. The one example which may be familiar to 
the reader is the fact demonstrated by H. Kossel that on long- 
continued immunization of rabbits with the hemotoxic eel serum, 
the blood cells finally became insusceptible to this serum, as though 
they had lost their specific receptors. 

Recently, aided by my colleagues, Dr. Rohl and Miss Gulbransen, 
I succeeded in gaining an insight into the nature of the disappearance 
of receptors. While the work will be made the subject of a special 
paper, I may here say that our experiments were made on trypano¬ 
somes. Working in my laboratory, Franke, after infecting a monkey 
with a particular species of trypanosome, had cured the disease by 
means of chemo-therapeutic agents, and had tested the immunity 
of the animal by again infecting it with the original strain. Con¬ 
trary to expectations, it was found that the monkey was not immune, 
so that after a very prolonged incubation, the disease reappeared. 
If mice were inoculated with blood from the diseased animal, i. e,, 
with blood .containing trypanosomes, they became infected and 
died. Curiously, however, if the trypanosomes were first removed 
from this monkey blood, it was found that the serum was able to 
kill the original strain of trypanosomes. This showed that the try¬ 
panosomes had undergone some change in the body of the monkey, 
and that the variety thus produced differed from the original strain 
in its behavior toward the serum; it had become serum-fast. 
Similar observations were made at the same time by Kleine, and 
recently also by Mcsnil. 

We found that when animals which had been infected with a 
particular strain of trypanosome were treated with less than the 
complete sterilizing dose of suitable substance (arsanil, arsazetin, 
arsenophenylglycin) the trypanosomes disappear from the blood for 
a time. It can easily be shown that in this case also antibody has 
been produced. The few parasites which escape destruction lie 
dormant in the body for a time and gradually adapt themselves to 
the antibodies present in the serum. Then they again pass into the 
blood, where they rapidly multiply and bring about the death of the 
animal. We inoculated the trypanosomes so obtained into two 
series of mice. One series consisted of mice which had been infected 
with the original strain and then cured with suitable doses. These 
animals, therefore, possessed specific antibodies. The other series 
consisted of normal mice. Infection resulted equally * rapidly in 
both series. This shows that the parasites of the strain producing 
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the relapse have undergone a biological alteration, in that they have 
become serum-fast. 1 The alteration in these parasites is not super¬ 
ficial in character. On the contrary it may persist for many months 
and through repeated passage through normal animals. The re¬ 
lapse strain maintains its resistance to the antibodies produced by 
the original strain, and can thus be positively identified. 

It was necessary to attempt to gain an insight Into the 
nature of this alteration. After varying the experiments in many 
ways we reached the following conclusion: The original strain is 
plentifully supplied with a certain uniform type of nutri-receptor, 
which we may term group A. If the parasites are now killed and 
dissolved in the mouse 7 s body, group A acts as antigen and gives 
rise to antibodies having definite relationship to group A. When 
living parasites arc brought into contact with this antibody, either 
in vitro or in vivo, the antibody is anchored by the parasites. As 
a result of this occupation of its receptors, the parasites undergo the 
biological alteration which leads to the relapse strain. The altera¬ 
tion consists in the disappearance of the original group A, and its 
replacement by a new group, B. The following experiment shown 
that the relapse strain contains a new group. Two mice are infected 
with the relapse strain, which possesses group B, and are then com¬ 
pletely healed. On infecting one mouse with the original strain, 
the other with the relapse strain, it will be found that infection with, 
the original strain, carrier of group A, is successful, while reinfection 
with the relapse strain is at first unsuccessful. This shows that the 
original strain and the relapse strain are not identical, that they 
must be carriers of two different functional groups. We are dealing, 
therefore, with a typical ease of disappearance of receptors following 
immunization, and accompanied by the formation of an entirely new 
variety of receptor. 

It is probably of little consequence whether this alteration is 
regarded as a mutation or a variation. The important thing is 
that it can be artificially produced at will, and that it is hereditary. 
In view of the great interest attaching to this problem in biology and 
embryology, we have attempted a further analysis of the phenomenon. 

1 Exactly the same strain can be produced in much simpler fashion, by 
infecting mice with the original strain, ami healing the animals on the second 
day with a full healing dose. After two or three days they are then again 
infected with the same strain. After a time parasites will appear in the bloody 
and these will be found to correspond entirely to those of a relapse strain. 





THE PARTIAL-FUNCTIONS OF CELLS. 


685 


To begin, it was necessary to determine in what manner the 
trypanosome antibodies affected the parasites. Corresponding to 
our previous knowledge of immunity we could assume that these 
antibodies exert a direct poisonous action, i. e., that they therefore 
probably contained toxophore or trypanolytic groups,-so that the 
anchoring of the antibody by the parasite is followed by an injury 
or even the destruction of the latter. This, however, is not the case. 
In contrast to the ordinary strains of trypanosomes, which possess 
only a uniform group, A, B, or C, and which may therefore be termed 
“Unios,” one meets with other strains which possess two groups in 
their protoplasm, A and B, and which may therefore be termed 
“Binios.” If such a binio “A-B” is- acted on by the isolated 
antibody A or B, growth will not be injured in the least. Not until 
both antibodies act at once does this occur. From this it follows 
that the presence of the antibodies does not produce a direct toxic 
effect on the parasites. To us it seems that this three-fold experi¬ 
ment demonstrates that the antibody acts merely by blocking the 
food supply by occupying the corresponding receptors. It thus 
comes to pass that when in the binio A~B the group A is occupied 
by an antibody, the parasite can continue to vegetate by means of 
the group B. From this it also follows that groups A and B are 
essentially nutri-receptors. 

If the amount of antibody is very large, the parasite finds it 
impossible to obtain nourishment, and consequently dies off. This 
can easily be demonstrated by mixing the parasite in a test tube with 
varying amounts of antiserum; the parasite is killed in the high 
concentrations which completely shut off the food supply, while in 
the weaker concentrations, which permit a vita minima, the parasites 
undergo the alteration already discussed, and give rise to a relapse 
strain. This mutation is therefore referable entirely to a hunger 
of the protoplasm, and under this influence the trypanosome de¬ 
velops new potentialities. I have given the name “ atrepsins ” to 
antibodies of the type just discussed, i. e., those whose action is 
purely antinutritive, and I believe that they play an important rdle 
not only with bacteria but in biology in general. 

In view of the f^ct that the presep.ee of antibodies demonstrates 
the existence of definite chemical groupings) most of the workers in 
immunity will have no difficulty in accepting the idea that there are 
definite chemical groups in the cell designed for the taking up of 
nutritive material. A much more difficult question is as to the 
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existence of analogous groups for the assimilation of less complex 
substances. So far as the simplest additional function is concerned, 
namely, the absorption of oxygen, I believe this question is already 
partly answered. It is well established that in the haemoglobin 
molecule it is exclusively the organically bound iron residue which 
effects the loose union with the oxygen on the one hand, and the 
carbon dioxide and hydrocyanic acid on the other. It will therefore 
be necessary to assume that the red blood corpuscles contain 
definite groupings which possess a maximum affinity for iron and 
with that form a complex combination having the characteristic 
functional properties. The protoplasm of the red blood corpuscles 
would thus be characterized by a plentiful supply of u ferro-recep- 
tors/ 7 the completing of which receptors with iron leads to the 
finished haemoglobin molecule. Similarly we shall have to assume 
the existence of “cupri-receptors” in the blue respiratory pigment 
of crabs, and perhaps of “ mangano-receptors 77 in other animals. 
The localization of iodine in certain glands, especially in the thyroid 
gland, and also the fact that the iodine is associated with certain 
aromatic side chains, will also be interpreted according to this 
conception. 

The question as to whether the cell contains preformed chemo- 
receptors for the great host of true therapeutic substances is one of 
great difficulty. This leads us into the important domain governing 
the relation between chemical constitution and pharmacological 
action, which in turn constitutes the basis for the rational develop¬ 
ment of therapeutics. Not until we have really learned the site of 
attack of the parasites, when we have come to know what I term 
the therapeutic biology of the parasites, will we wage successful 
warfare against the producers of infection. 

For this reason I have begun studying the existence of 
particular chemo-receptors on unicellular organisms, because here 
the conditions are much more favorable for gaining a clear insight 
than is the case in the extremely complex mechanism of the higher 
organisms. The problem I undertook to solve was this: Do trypan¬ 
osomes possess, in their protoplasm, definite groupings which bring 
about the anchoring of certain particular chemical substances? 

If any particular substance possesses the power to kill trypano¬ 
somes or other parasites in a test tube or in the animal body, it is 
obvious that this can only be due to the fact that the substance is. 
taken up by the parasites. This bald fact, however, does not by 
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self give us an insight into the way in which this is brought about., 
large number of different explanations can be brought forward, 
ot until we can prove that we are dealing with a function which is* 
ipable of being altered and varied in a specific manner is it possible 
1 regard the existence of preformed groups as demonstrated. 

Unfortunately it seems to be impossible to utilize the method 
nployed in demonstrating the preformed existence of nutri-recep- 
rs ; namely, by causing the liberated receptors to be thrust off 
to the blood. The chemo-receptors appear to be much more 
mply constituted, and remain attached to the cell, so that no 
irusting-off occurs. 

By indirect means, however, we succeeded in getting light on 
.is phase of the subject. With the aid of my esteemed collab- 
ators, Franke, Browning and R6hl, I was able to show that it is 
>ssible, by systematic treatment, to produce strains of trypano- 
mes possessing immunity against the three trypanocidal poisons 
>w known to us. These poisons, it will be remembered are 
) substances of the arsenic group, (b) fuchsin, and (c) the acid 
o dye known as trypanred belonging to the benzoburpurin series, 
ac immune strains arc marked by two characteristics: 

1. A stability of the acquired character. This is very great, 
ms our arsenic strain, after having been passed some 380 times* 
rough mice in the course Qf two and one-half years, still possesses 
e same drug immunity as the original strain. 

2. An essential feature of the immunity to drugs is the strict* 
ecificity. This manifests itself by the fact that the immunity is 
lated not against a certain definite elementary combination, but- 
;ainst the entire chemical group of which this combination is a 
,rt. Thus the strain made immune against fuchsin is resistant* 
>t only to that substance but also against a large number of related 
iphenylmethane dyes, e. g., malachite green, ethyl green, hexse- 
yl violet. In contrast to this, however, the strain has remained 
sceptible to the action of the two other types, i. e., against try- 
mred and against an arsenical. A corresponding specific resistance 
exhibited by the strain made fast against trypanred and by the 
.e made fast against arsenic preparations. That we are here 
aling with three different functions is further shown by the fact, 
at by successive treatment of a given strain with the three sub- 
mces mentioned above we can produce a strain which is resistant 
;ainst all three classes of substances, i. e., one which is triple fast- 
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Provided that the resistance thus produced is of maximum intensity, 
•such a strain is extremely useful in identifying new types of try¬ 
panocidal agents. If, for example, a new substance is encountered 
which is able to kill ordinary trypanosomes, we have merely to 
test its action on this triple-fast strain in order to determine whether 
the substance really represents a new type of trypanocidal agent. 
If it does not, we shall find that treatment with this substance does 
not cause the parasites to disappear; on the contrary they multiply. 
If they disappear, however, we can conclude that the substance does 
not correspond to any of the three types mentioned, but represents 
a new type of trypanocidal agent. The triple-fast strain thus acts 
•as a kind of cribrum therapeuticum, by the aid of which it is possible 
to recognize substances belonging together and to separate unrelated 
•substances. 

It was now necessary to determine in what manner this specific 
•drug resistance is brought about, and for this purpose I undertook 
a series of experiments with the atoxyl strain.. In order to gain a clear 
insight into the question it seemed advisable to study the behavior 
•of the arsenic-fast strains, also in a test tube, away from all disturb¬ 
ances and complications of the animal organism. This method 
very soon encountered a great obstacle, for it was found that the 
■drug mostly used therapeutically, namely, atoxyl (paramidopheny 1- 
arsinic acid), does not exert the least destructive action on try¬ 
panosomes in test-tube experiments . Even solutions containing 
several per cent, of the substance proved insufficient for this pur¬ 
pose. This phenomenon was all the more remarkable because in 
the human body, according to Koch, injections of 0.5 g. atoxyl 
suffice to cause the disappearance of the parasites within a few hours. 
In this case, therefore, destruction is effected in a concentration 
of 1 to 120,000. 

We are here dealing with a phenomenon which is usually spoken 
of as “indirect action.” It was not difficult for me to discover the 
reason for this peculiar behavior, as I had for years busied myself 
with reducing power of the animal organism. We know that in 
the body arsenic acid is transformed into arsenious acid; that 
cacodylic acid is reduced to the ill-smelling cacodyl. It was natural, 
therefore, to think first of reductions. In atoxyl, paramidophcnyl- 
arsinic acid, the arsenic is pentavalent, whereas in the two products 
obtained from atoxyl by reduction the arsenic is trivalent. In 
this way we obtained two different products: 1. The monomo- 
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lecular p-aminophenylarsenoxid and 2. The further product; ob¬ 
tained from the latter by reduction, the yellow diamidoarsenobenzol. 

In contrast to atoxyl, these substances exhibited marked try¬ 
panocidal properties not only in the animal body but also in the 
test tube. Thus a solution of the arsenoxid combination of a 
strength of 1 to 1,000,000 killed the tryponasomes in an hour. The 
closely related p-oxyphenylarsenoxid was still stronger killing in 
1 to 10,000,000. 

This proved that the pentavalent arsenic residue possesses no 
trypanocidal properties whatever; these are bound exclusively to 
the trivalent, unsaturated form. 

As long as sixty years ago, Bunsen, with extraordinary insight, 
pointed out that cacodyl, the reduction product, is extremely 
poisonous, while cacodylic acid is almost non-toxic. This gave him 
the clue to the chemical character of the cacodyl combination. In 
striking agreement with this is the fact that the unsaturated carbon 
oxid, for example, and a number of other unsaturated combinations 
are so much more toxic that the corresponding saturated combina¬ 
tions. We shall, therefore, have to assume that the arseno-receptor 
of the cells is able to take up only the unsaturated arsenic residue, 
i.e., the group possessing the greater combining affinity. 

With the aid of such reduced combinations it was simply a matter 
to test the atoxyl strain in test-tube experiments. These showed 
that the organisms could be killed with a suitable concentration of 
the chemical substances, and that we were not dealing with a loss 
of receptors as in the case of the relapse strain. A comparison, 
however, of the lethal dose with the dose sufficient to kill the ordinary 
strain, showed that the resistant strain required a much higher 
concentration. Amounts which effected immediate destruction of 
the ordinary strain did not in the least affect the vitality of the 
resistant parasites, even after one hour. 

These test tube experiments seemed to indicate that the arseno- 
receptor, while still preserved in the atoxyl-fast strain, had undergone 
some modification so that its affinity had become lessened. This 
manifests itself by the fact that it required much stronger solutions 
to produce the poison concentration necessary to effect destruction 
of the parasites; the normal arseno-receptor of the original strain, 
by virtue of its higher affinity, takes up the same amount even from 
more dilute solutions. 

We have succeeded in clearly demonstrating by biological methods 
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that the arseno-receptor actually represents a distinct function 
whose affinity can be systematically decreased step by stop by immuni¬ 
zation. Thus far we have obtained three degrees of affinity. Grade 
I was produced by subjecting the parasites systematically to the 
action of p-amidophenylarsinic acid and its acetyl combination. We 
carried out this treatment ad maximum for years, until finally no 
further increase in resistance was produced. The resistant strain 
thus obtained proved to be resistant at the same time to a number 
of other arsenicals, among them particularly, the p-oxycombination, 
the combination with urea, and with benzylidcn, and a number of 
acid derivatives. 

In practical therapeutics in man and animals, it is, of course, 
possible that arsenic-fast strains develop; and these, naturally, will 
absolutely hinder therapeutic success. In animal experiments this 
is a common occurrence. In view of this it is important to discover 
substances able still to attack these resistant strains, substances able 
to combine with their receptors. After long search we found alto¬ 
gether three combinations, of which the most important is arseno- 
phenylglycin. With the aid of this combination it is possible to heal 
infections produced by the arsenic-fast strain I, which was described 
above. This can only be explained by assuming that the arsonophenyl- 
glycin lays hold on what is left of the arseno-receptor, somewhat as a 
stump is grasped by a pair of pliers. The anchoring of this substance, 
however, furnishes a possibility for still further increasing the arsenic- 
resistance of the strain. After considerable effort we succeeded in 
producing, out of arsenic strain I, a more resistant strain, arsenic 
strain II, which was entirely unaffected by arscnophenylglycin. 

Plimmer has recently called attention to tartar emetic as a sub¬ 
stance which kills trypanosomes, even in high dilutions. Tartar 
emetic is the salt of an antimony combination, and antimony, it is 
well known, is closely related to arsenic. On testing arsenic strain II 
with tartar emetic, we found that the parasites were destroyed by 
the tartar emetic. By treating arsenic strain II with ammious 
acid we were able to produce a still further increase in resistance, 
so that arsenic strain III was resistant even against tartar emetic. 
I want to call particular attention to the fact that this arsenic strain 
III, produced only under the influence of arsenious acid, was re¬ 
sistant to tartar emetic but not against arsmiom add. This can only 
be explained by assuming that of all conceivable arsenicals, arsenious 
acid is the one possessing the greatest affinity to the arsenic receptor, 
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and that only by the greatest effort, if at all, will it be, possible to 
produce a strain (which, would be arsenic strain IV) lesistant also 
against arsenious acid. 

I can adduce many other interesting facts to support my view 
that under the influence and attack of selected combinations, there 
is a successive decrease in the affinity of the receptor for that com¬ 
bination. Thus, we have found that we can at once employ one of 
the stronger agents producing resistant strains, using, for example, 
arscnophenylglycin. Corresponding entirely to our expectations, 
the strain thus produced proved resistant also against the less 
powerful substances, such as atoxyl, arsacetin, etc. A pan-resistant 
strain would, therefore, be obtained if from the outset we employed 
the most powerful agents, namely, tartar emetic and arsenious acid. 
Unfortunately, it appears from our work that it is impossible, at 
least in small laboratory animals, to directly use these substances for 
this purpose: it is necessaiy to proceed indirectly, by treating the 
organisms first with phcnylarsinic acid derivatives. 

The loss of affinity is, of course, a chemical phenomenon, and 
evidently to be interpreted by assuming that in the neighborhood 
of the arsenic receptor group other groups arise or disappear and 
thus cause the affinity to be reduced. The following chemical 
example will serve to illustrate the point. Bcnzylcyanid reacts with 
nitrosodimethylanilin. In order that the reaction take place, how¬ 
ever, heat and a strong condensing afeent, free alkali, are required. 
However, on introducing a nitro group into the benzole nucleus, the 
reactivity of the methylen group is markedly increased, so that the 
two substances, nitro-benzylcyanid and nitrosodimethylanilin, react 
even in the cold. In this case, therefore, the introduction of the 
nitro group has exercised a quickening influence on the reaction. 
If, however, the nitro combination is reduced to p-amidobenzylcyanid, 
we find that the latter is less active than the original material. The 
amido group has suffered a reduction of affinity. The acetyl produc ’* 
of the amido combination, on the other hand, reacts to about the 
same degree as the original material. 

This simple illustration shows that three different groups attaching 
to the benzole nucleus in the para position either increase the affinity 
of the methylen group, or decrease it, or leave it unchanged. The 
reduction of affinity here observed would correspond to the affinity 
which we have described above. 

According to my view, then, we should consider protoplasm as 
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made up of a large number of individual functions, which, in the 
form of different chemo-receptors are scattered amongst the nutri- 
receptors. I believe that these two main groups cannot but be 
closely related, and for the following reason. 

Trypanosomes of different origin, as they are cultivated in 
different laboratories, usually from the outset behave differently 
toward a particular therapeutic substance. The first strain of 
trypanosome with which I worked, Mai de Caderas, had no resistance 
whatever against trypan red, and this substance could be employed 
to effect a cure. This still holds true.* Similar favorable results 
were obtained by Jakimoff in Russia, while Uhlenhuth obtained 
absolutely no result with this substance on the strains which he used. 
We are therefore dealing with natural differences in the various 
strains. Despite the fact that my strain has now been passed through 
normal mice for many years, it can still be cured by trypan red just 
as well as ever. This shows that the difference is not entirely 
artificial. On the other hand, my Nagana strain could formerly 
not be healed by trypan red, and cannot be healed by that substance 
now. However, on transforming this Nagana strain into a relapse 
strain, we were surprised to find that this property, which had per¬ 
sisted for many years, become altered within 14 days. This proves 
that the chemo-receptors really are related to the constitution of 
the protoplasm, and undergo alterations when we alter the con¬ 
stitution of the protoplasm. 

Whether the reverse holds true, that is, whether, by influencing 
the chemo-receptors we can alter the cell substance, particularly the 
nutri-receptors, has not yet been definitely decided. Browning, to 
be sure, has observed that by means of serum reactions one can 
differentiate the fuchsin strain from the atoxyl strain, and both from 
the original strain. Careful investigation subsequently showed, 
however, that the changes in question were not specific alterations 
related to the fuchsin or to the arsenic, but alterations which cor¬ 
respond to the relapse mutation described above. These are due to 
the fact that during the treatment it often happens that the mice 
suffer relapses, which in turn lead to the formation of relapse strains. 

This brings me to the close of my paper. I am well aware that 
what I have offered you has been quite fragmentary, but this could 
hardly be otherwise, for the adequate discussion of this theme would 
mean the recapitulation of an almost endless amount of work. My 
object in presenting this subject has been to show you that we are 
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gradually approaching the problem of securing an insight into the 
nature of the action of drugs. I hope, too, that a systematic appli¬ 
cation of the views I have here presented will facilitate a rational 
development of the science of drug synthesis. In this connection 
I may say that thus far arsenophenylglycin has proven in animal 
experiments to be a truly ideal therapeutic agent. By the aid of 
this substance it is possible to completely cure every kind of trypano¬ 
some infection in any kind of animal, and that by means of but a 
single injection. Truly, such a result may be termed therapia 
sterilisans magna. 
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Guinea-pig > rabbit blood 
Guinea-pig > rabbit blood 
Guinea-pig > cow milk 
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69 

sheep blood 
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goat 
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197 
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vibrio Nordhafen 

guinea-pig 
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vibrio Metchnikoff 
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135 

vibrio Metchnikoff 
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goose, chicken, goat, 
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115 

vibrio cholera 
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1 

rabbit blood 

guinea-pig 

2 

rabbit blood 
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68 

ciliated eipthelium 
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53 

68 

rabbit blood 
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94 
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53 
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94 

ox blood or goat blood 
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96 

Goat blood 
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104 

ox blood 
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159 

ox blood 

guinea-pig 

597 

sheep blood 

guinea-pig 

m 

602 
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Rabbit > pig blood 

pig blood 

guinea-pig 
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Rabbit > vibrio Metchinikoff 

vibrio Metchnikoff 

rabbit 

122 

Sheep > dog blood 

dog blood 

sheep or goat 

76 

Inactive normal goat serum 

rabbit blood 
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59, 65 

Inactive normal goat serum 

guinea-pig blood 
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65 

Inactive normal dog serum 

guinea-pig blood 

guinea-pig 

60 

Inactive normal dog serum 

guinea-pig blood 
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60 

Inactive normal dog serum 

rabbit blood 

horse 

64 


Note. —For reactions showing the joint action of several amboceptors see 
pages 601 and 616; for reactions with active normal sera, see subject index 
under the respective animal; for reactions involving antilytic sera, see subject 
index under ArUicomplements, Antihcemolysins, ArUiamboceptors. 
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Absorption, elective. 16, 59, 97 

mechanical, contrasted with chemical union. 78 

of a serum by its antigen. 6 

of complement (see aUo Deflection of). 585 

of complement by cellular material. 201 

of complement, by sensitized cells. 196 

Absorption test, to demonstrate multiplicity of antibodies. 590 

Abrin, local immunity against. 37 5, 

Acid, influence of, on complement.1. 199 

Addiment (complement). 4 

Additive properties, of chemical groups. 410 

Adsorption, as factor in lysin action.. 74 

in relation to complements. 200 

lack of specificity... 78 

Affinity, between cell and amboceptor.... 218 

between diphtheria toxin and antitoxin. 484 

changes in, in complementoid formation. 82 

changes in, in immune body. 127 

changes, in of haptophore groups. 209 

importance of changes in. 580 

of cells for immune body. 75 

of complement, immune body and erythrocytes..... 8 

relative, of tissue receptors and injected cells...... 162 

Age, influence exerted by, on antitoxic sera. 675 

Agglutination, effect of heat on. 2 

of sheep blood by goat serum. 3 

relation to haemolysis. 4 

in deflection of complement. 126, 134 

Agglutinins, as distinct antibodies.,. 4 

Aleuronat, character of exudates produced by. 44 

Alexin. 56 

action of. 181 

ferment character of. 58 

Alkali, influence of, on complement. 198 

Amboceptor, complementophile groups of. 227 

enormous quantity absorbed by cholera vibrios. 157 

first use of the term. Ill 
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Amboceptor, occasional slight affinity for cell receptors.. 580 

of dog serum, thermolability of. 210 

plurality of. f . 574 

quantitative relation to complemen.t. 250 

saturation of blood-cells with. 159 

Amboceptors, against dissolved albumins. 585 

complementibility of. 233 

haemolytic, in response to serum injections. 211 

haemolytic, the binding of. 595 

mechanism of their action. 209 

normal and immune. 233 

Amboceptor union, dissociation of. 596 

Amboceptor unit, definition cf. 254, 595 

Anaesthetic action, chemical relations of. 407 

Animal, choice of, in production of anticomplement sera. 66 

Animal individuality, expressed in isolysins. 30 

Anthropostable complements. 43 

Antialexin (see Anticomplement). 

Antiamboceptors, mode of action. 5&1 

production of. 333 

studies on. 649 

Antiantiamboceptors. 651 

Antiantolysin..... 33 

Antibacteriolytic action, of normal serum. 601 

Antibodies, against bacteriolysins and haemolysins. 64 

in normal serum, multiplicity of. 587 

multiplicity of. 384 

normal. 587 

varieties possible by immunisation. 24 

Antibody, formation of, various phases. 90 

Anticomplement. 63 

choice of animal in production of...... 66 

isogenic and alloiogenic. 260 

mode of action. 65 

quantitative relation to complement. 258 

rabbit>goat.*. 20 

Anticompliments, against serum of horse, goat, dog, ox, rabbit, and guinea- 

pig. ; . 66 

as cause of deflection of complement.. 133, 136 , 138 

as thrust-off amboceptors. 225 

in Pfeiffer-Priedberger phenomenon. 603 

partial. 222 

produced by immunization. 64 

production of. % . 333 

protection afforded by various. 114 

really free amboceptors. 605 

Anticomplementary serum, polyvalence of. 66 

Antiferments, in normal sera. 591 

Antihaemolysins. 64, 102, 114, 258, 333, 342, 649 

method of study. 342 

natural. 283 

see also anticomplements, and antiamboceptors. 561 

Anti-immune body, character of... 101 , 105 
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Anti-immune body, specificity of. 109 

normal. 102 

Anti-isolysin. 28 

Antilysin, against eel serum. 20 

against toad poison. 179 

multiplicity of. 20 

Antipyretic .action, chemical relations of. 407 

Antispermatoxin. 52, 72 

Antitoxic serum, complex character of. 368 

genetic method of study. 368 

Antitoxin, complex character of. 368 

disproportion in production of, to amount of toxin injected. 679 

in normal horses. 541 

in normal sera. 591 

occurrence in normal individuals. 367 

site of origin. 375 

supposed to be transformed toxin. 366 

Antitoxins, source of. 48 

Straub’s conception of action of. 680 

Antitryptic substances, in normal serum. 591 

Apes, use of, for obtaining sera. 117 

Arachnolysin, antitoxin against. 173 

properties of. 169 

Arsenic-fast trypanosomes. 687, 690 

Atoxyl, a trypanocidal agent.... 688 

Atrepsy, a form of immunity. 684 

Autoanticomplement. 83 

Autolysin, definition of. 27 

Bacillus, of dysentery. 312 

Bactericidal experiments, technique— .. 384 . 

Bactericidal serum, action of. 120 

Bacteriolysins, side-chain theory applied to. 5 

Bacteriolysis, relation to agglutination. 4 

its similarity to haemolysis. 2 

Metchnikoff’s demonstration of, in vitro,..... 1 

Pfeiffer’s theory of. 1 

regarded as a ferment action... 2, 8 

substances concerned in... 4 

Biogens. 398 

Bleeding, of animals, for serum... 349 

Blocking, ty complementoid. 345 

Blood, protective substances in. 364 

Blood-cells, as food storages. 402 

Blood-cells, behavior toward cobra venom... 292 

discoplasm, function of. 171 

function of, in nutrition. 397 

hardened, haemolysis of. 163 

lecithin content of stroma of. 449 

receptor apparatus of. 390 

stroma of, to bind immune body.... 74 

varying susceptibility to cobra ve^om. 458 

Bone marrow, as source of immune bodies. 5 
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Bordet-Gengon, phenomenon of. 196 

Bordet’s sensitization theory, contrasted with Ehrlich’s amboceptor theory.. 58 

Bovine serum (see also Ox serum), effect on guinea-pig blood. 18 

Brain tissue, power to neutralize tetanus toxin. 356 

union with tetanus toxin. 5 

Bufidin. 175 

Cancer, treatment with lactoserum. 55 

Castration, effect of, on production of spermotoxin. 48 

Cell immunity, without formation of antibodies. 539 

Cells, partial functions of. 676 

Chemical constitution, relation to pharmacological action. 404 

Chemical distribution, relation to pharmacological action.415 

Chemical nature, of haemolytic action. 6 

Chemical nature, of immunity reaction.. 78 

Chemical poisons, action of. 532 

Chemical union, prerequisite for formation of antibody. 5 

Chemoreceptors. 686 

Chicken serum, action on rabbit blood. 192 

Cholera, bacteriolysis of vibrios of. 1 

Cholera immune bodies, source of. 5 

Cholesterin, action in cobra-venom haemolysis. 454 

Ciliated epithelium, from ox trachea, method of collection. 49 

Cobra lecithid, absence of neurotoxic action of.472 

properties of. 470 

Cobra venom, studies on. 291 

substances which activate. 443 

Coctostable, definition of the term. 340 

haemolytic organ extracts. 281 

Colligative properties, of chemical groups. 410 

Colloid chemistry, applied to immunity reaction. 578 

Colloide de boeuf, of Bordet-Gay. . . 619 

Combining capacitv, of cells for amboceptors. 396 

Common receptors. 95 

in tracheal epithelium,-blood-cells, in other tissues, 38, 49, 51 

Complement, absence of direct affinity for erythrocytes... ; . 6 

absorption by yeast. 213 

action of. 181 

deflection of... 120, 132 

deflection of, power of normal serum to produce. 610 

deflection of, r61e of precipitates in. 611, 651, 656 

dominant and non-dominant. 227, 618 

effect of phosphorus poisoning on. 63 

Ehrlich’s original Unitarian conception of. 9 

finding additional sources of. 117 

first use of the term by Ehrlich. 16 

from different animals. 115 

fixation, Bordet-Gengou. 196 

homostable. 117 

influence of purulent process on production of. 87 

influence of various agents on. 198 

in spleen. 44 

in phagocytes. 44 
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omplement, its union with amboceptor alone.*. 580 

loose union with immune body. S 

method of measuring amount. 3 S 

not increased by immunization. 30 

omplementibility, fluctuations of, of an immune serum by different com¬ 
plements. 69 

of various interb odies. 191 

omplementoids, action of. 79, 200 

blocking complements... 345 

existence of. 580 

omplementophile group, structure of. 582 

omplements, anthiropostable. 43 

behavior toward Pukall filters. 59 

constitution of. 65 

differentiation of, by partial anticomplements. 222 

disappearance of, under natural circumstances^. 86 

methods of preserving. 329 

multiplicity of. 15, 110, 195, 222, 382 

of horse serum. 239 

partial. 114 

quantitatively independent of immune body. 38 

quantitative relation to amboceptor and anticomplement.. . 258 

relation to phagocytes.. 43 

similarity of majority of, in certain species. 66 

thermostable, in goat serum. 13 

thermostable, in sheep and'calf serum. 15 

various cells which absorb. 41 

nstitutive properties, of chemical groups. 410 

pula («immune body). Ill 

>ss absorption, in study of common immune bodies. 97 

>ssed immunization, and reciprocal elective absorption. 97 

tase («*complement). Ill, 267 

uysz, effect of. 671 

lection of complement. 120, 132, 584 

by normal serum. 610 

due to precipitates. 611, 651, 656 

in cobra-venom haemolysis. 469 

r61e of agglutination. 126, 134 

:mon (== immune body). Ill 

iterotoxoid. 497 

zobenzaldehyd, function of its side-chains. 73 

estion, haemolysis analogous to:. 8 

htheria antitoxin, heating of. 18 

htheria bacillus, poisons produced by. 512, 548- 

ththeria toxin, constituents of. 481 

coplasma, of blood-cells, function of. 171 

3ociation, in toxin-antitoxin combination... 666 

of agglutinin combination. 599 

of amboceptor union. 599 

xibution, chemical, in organism. 410 

xibutive property, importance of. 415 

; blood, behavior toward arachnolysin. 170 
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Dog serum, action on guinea-pig blood. ^ ^ 

action on cat blood. 21 

action on guinea-pig blood. 1 8 

effect of heat on its haemolytic power. IK 

fluctuation in its haemolysins. 21 

thermolability of its complement. 1K7 

Dominant and non-dominant complements... K1K 

Dosage, of bactericidal sera, paradoxical results... 120 

Dyeing, compared to binding of lysins. 

Dysentery, bacillus of studies on.. • $12 

Eel serum (see Ichthyotoxin)...* * 1^ 

Ehrlich’s first classical experiments on haemolysis. *> 

Ehrlich’s phenomenon (toxin-antitoxin). 485 

Ehrlich’s Side-chain Theory. & 

Elective absorption* in study of common immune bcxlicH. 59, 97 

Endocomplements.. 295, 44 3 

action due to lecithins. 451 

Epithelium, ciliated, how collected. 49 

immune serum against.... 24, 48 

Epitoxoid.*.•' 503 

Erythrocytes (see also under Blood, and under Individual animals). 

mammalian, their side-chains. 43 

-receptor apparatus of. $91) 

stromata of. 171 

Ethyl green, as trypanocidal agent.• • 087 

Exhaustion, of a specific serum by its antigen.. 6 

Fatty acids, haemolytic action of.. 464 

Ferment action, its similarity to bacteriolysis.. . 2, 8 

Fixation reaction, Bordet-Gengou.. 190 

Fluctuation in haemolytic power of sera.... 21 

Fluctuation in serum constituents.. 21 

Fractional addition of blood-cells, in haemolysis... 599 

Fractional neutralization, in study of diphtheria toxin.. 481, 552 

Fractional saturation, Bordet, in study of lysins.... 75 

Frogs, Courmont’s experiments with tetanus of—... 01 

Gelatine filtration, in study of toxin-antitoxin— ... 558 

Goose serum, immune, against ox blood...... 115 

immune, against vibrio MetchnikofF.. 135 

Goat, complement of, ability to substitute sheep complement for.......... 116 

immunization against goat blood..... 26 

Goat serum, fluctuation in its hamolysins....... 21 

normal, effect on sheep blood— ..... ........... 3, 12 

normal, effect on rabbit and guinea-pig blood........... 12, 59, §5 

normal, effect on various bloods.... 500 

Group haemolysins, of guinea-pig >rabbit serum..... 2 

Guldberg-Waage law, in toxin-antitoxin reaction.. 482, 550 

Haemoglobinuria ex frigore..... 1| 

Haemolysin, compared to toxin molecule........ 57 

normal, nature of.... 1$ 

of cobra venom.\.... ............ Wt 
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>molysin, thermostable. 13 

tmolysins, complex nature of. 379 

complex, study of. 836 

method of studying. 826 

multiplicity of, in normal serum. 19 

toxicity of. 23 

smolysis, by arachnolysin. 167 

by joint action of several amboceptors. 616 

by saponin poison. 478 

Bordet’s studies on, applied to bacteriolysis. 2 

chemical character of the reaction. 73 

effect of heat on. 2 

Ehrlich and Morgenroth’s first study of. 8 

of hardened erythrocytes. 163 

relation of osmotic tension to. 236 

substances concerned in. 4 

tmolytic amboceptors, binding of. 595 

in response to serum injections. 241 

in response to injections of urine. 244 

smolytic experiments, method of making. 830, 334 

molytic power, fluctuation of, of normal serum. 238 

molytic properties, of organ extracts. 267 

ptins, definition of. 62 

multiplicity of. ! . 20, 384 

it, effect of, on diphtheria antitoxin. 18 

effect on haemolytic power. 2 

effect of, on immune serum. 4 

effect on immune body-complement combination. 8 

effect on normal hsemolysins.. 12 

effect of, on serum... 631 

in inactivation, care in employment of... 187, 192 

mitoxin. 494 

x serum (see Chicken). 192 

:erolysin, definition of....... 27 

fskbrper (Buchner)...... 182, 387 

rse complement, for inactive goat serum... 59 

rse serum, complements of. 239 

large variety of complements in... 64 

normal, effect on typhoid bacilli. 589 

normal, its haemolytic power. 237 

rror autotoxicus. 82 

persusceptibility... 521, 666 

thyotoxin, inability to reactivate. 19 

complements. 86 

mune body (see also Amboceptor). 

constitution of. 6 

Ehrlich’s first studies on. 4 

loose union with complement... 8 

manner in which it combines with cells.. 73 

multiplicity of... 9 

multiplicity of complementophile groups. 112 

* relation of phagocytes to production of. 46 
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Immune body, quantitatively independent of complement. 38 

site of production of. 51 

source of. 5 

Immune serum, against spermatozoa, epithelium, leucocytes, and kidney 

cells. 24 

Bordet’s first studies on. 1 

manner in which it differs from normal. 39 

Immunity, a phase of physiology of nutrition. 377 

due to absence of receptors. 28 

local, against abrin. 375 

of cells, without formation of antibody. 539 

regarded as increase of normal functions. 587 

Immunization, against blood-cells. 12 

against body’s own cells. 52 

dependent on haptophore group. 51 

haemolytic, technique of. 331 

with agglutinated bacteria... 146 

with modified proteins. 579 

with overneutralized mixtures. 143, 146, 158 

with sensitized blood-cells. 41 

Inactivation, of immune sera by heat. 4 

Incubation period, explanation of.... 535 

Individuality, animal, expressed in isolysins...... 30 

Interbody, of normal sera... 16 

conditions governing separation of, by absorption.. 190 

Intravenous injections, in immunization. 160 

Isolysin, Ehrlich’s experiments on production of... 26 

“Kaite Methode,” elective absorption at low temperatures..... 6, 12, 185 

Kidney cells, immune serum against. 24 

L 0 and Lf, definition of... 143, 368, 485, 549 

Lactoserum... 38, 52 

Lamprey serum, varying toxicity of. 21 

Lateral chains (see also Side-chain)..... 5 

Lecithin, an$ allied substances, action of. 462 

in blood-cell stromata.449 

in cobra-venom, haemolysis... 443 

relation to cobra-venom haemolysis.. 305 

Lecithids, of cobra-venom....... 470, 581 

of snake venom. 466 

of various snake venoms.... 477 

Leistungskem. 399 

Leucocytes, immune serum against........ 24 

Local immunity, against abrin.. 375 

Lymph nodes, as source of immune bodies.... 5 

Lysins, discovery of. 1 

Ehrlich's studies on the action of.... 1 

similarity of, to toxins... 57 

Macrocytase, haemolytic ferment. 208, 267 

Macrophage, relation to haemolysis..... 44, 267 

Malachite green, as trypanocidal agents...... 687 
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Mass action, in toxin-antitoxin combination. 

Mechanical absorption, contrasted with chemical union 

Mercury, cells hardened with, their haemolysis. 

Milk, biological relation to epithelial cells. 

immune serum against. 

Microcytase (Metchnikoff). 

Microphages, relation to haemolysis. 

M. L. D... .. 

Monotropisin.. 

Multiplicity, of antibodies in normal serum. 

of blood-cell receptors. 

of complements. 

of complement, analogy with ferments 

of haemolysins in normal sera. 

of haptins in blood. 


PJlOB 

482, 556 
... 78 

... 163 
... 55 

... 53 

... 208 
... 44 

... 485 
... 417 
... 62 
... 284 
... 15 

... 231 
... 58 

... 20 


Neisser-Wechsberg, phenomenon. 

Neutral mixtures, immunization with. . . 

Normal haemolysins (see also under Individual animals) 

mechanism of. 

Normal serum, antibacteriolytic action of. 

deflection of complement by.. ^. 

its amboceptors.*. 

its spermotoxic power. 

multiplicity of antibodies in. 

Nutrireceptors, definition of. 


. 120 

158, li% 146 

.12, 16 

.192 

.601 

.610 

.233 

.193 

.587 

.682 


Organ extracts, haemolytic properties of..... 

Ox serum, normal, action on typhoid bacilli.. 

normal, in haemolysis of guinea-rig blood 
to complement typhoid immune bodies.. 


267 

589 

18 

118 


Pancreas extract, action on blood-cells hardened with mercury 

Papain, influence of, on complement. 

Partial amboceptors, method of differentiation.- 

Partial functions of cells.. 

Partial immune bodies.;... 

Partial neutralization, in study of diphtheric toxin. 

Partial saturation (Bordet), in study of lyains. 

Pepton, injections of, to increase complement.. 

Pfeiffer, theory of bacteriolysis...*. 

Pfeiffer’s phenomenon... 

Pfeiffer-Friedberger phenomenon. 

Phagocytes, complement content of. 

relation to immunity. -•*/■*. . 

Pharmacological action, relation to chemical constitution. 

Phases, in antibody formation. 

Philocytase ( = immune body).. • • . 

Phosphorus poisoning, effect on complement production. 

Phrynin..... 

Phrynolysin, antiserum against.*.. 

properties of... *. 

mode of preparation.*. 


163 

198 

574 

676 

105 

552 

75 

118 

2 

1 

603. 

44 

45 
404 

90 

111 

63 

175 
180 
170 

176 
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Pigeon serum, as complement. 115, 135 

Plurality, of complements ( see also Multiplicity). 195 

Polyceptors. 112 

Polyvalent sera. 92, 110, 119 

Precipitates, and antiamboceptors. 651, 656, 663 

as cause of deflection of complement. 611, 651, 656 

Preparator. 233 

Preservation, of complement sera. 329 

Proagglutinoids. 319 

Protective substances, in blood. 364 

Prototoxoid. 497 

Pukall filters, in differentiating complements. 59 

Quadriceptor. 112 

Quantitative estimation, of amboceptors, complement and receptors. 340 

Quantitative relations, between amboceptor, complement, and anticomple¬ 
ment. 250 

between cobra-venom and lecithin. 456 

between immune body and complement. 38 

Rabbit blood, action of goat serum on. 12, 59, 65, 590 

Rabbit serum, action on goat blood. 245 

fluctuation in its hsemolysins. 21 

normal, action on various bacteria. 589 

normal, action on ox blood haemolysis. 606 

normal, in haemolysis of sheep blood and goat blood. 18 

Reactivation of inactive immune sera. 4 

Receptors, absence of, as cause of immunity.... 28 ' 

common. 51, 95, 242 

definition of. 24 

of blood-cells. 390 

. nature of. 241 

sessile. 92 

specificity of. 100 

various orders of. 392 

Rennin, immunization against. 8, 92 

simultaneous occurrence of rennin and antirennin in body. 32 

Reversible reaction, in amboceptor combination. 596 

in toxin-antitoxin combination. 555 

Saponin, action of. 455, 478 

Salts, action of, in haemolysis. 213 

Sensitization theory. 37, 67, 68, 131, 381, 469, 562, 579 

contrasted with amboceptor theory. 58 

regarded from chemical or biological standpoints. '63 

Sensitizer (or amboceptor?). 217 

Serum (see also under Individual animals). 

bactericidal, mode of action of. 120 

collecting and preserving for haemolytic work. 326 

collecting of, for bactericidal tests.1. 349 

Serum-fast strains of trypanosomes. 684 

Sessile receptors... 92 

Sequence of, importance of, in deflection experiments. 658 


















































/ 

INDEX OF SUBJECTS 711 

PAGE 

Sheep blood, agglutination of, by goat serum. 3 

Sheep complement, substitution of, for goat complement. 66 

Sheep serum, normal, in haemolysis of guinea-pig blood. 18 

Side-chains, constitution of various kinds of. 9 

physiological object of. 20 

their primary function. 9 

Side-chain theory, first application to haemolysins. 5 

exposition of. 372 

Snake venom (see also Cobra venom). 291 

lecithids of. 466 

studies on. 291 

Soaps, haemolytic action of. 464 

Specificity, limitation of term. 100, 242 

of amboceptors. 584 

of immune sera, nature of. 50 

use of term in immunity. 561 

Specific therapeutics. 404 

Spectrum, of diphtheria toxin. 490, 493, 552 

Spermatozoa, immune serum against. 24 

Spermatoxin. 48, 52, 193 

production of, in castrated rabbits... 48 

Spider, poison of. 167 

poisoning by. 173 

Spleen, as source of immune bodies. 5 

complement content of. 44 
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Surface attraction, in absorption of complement. 200 
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Tetanolysin, cholesterin in relation to haemolysis by. 455 
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Tetanus toxin, combination with nerve tissue...-. 77 
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Therapeutics, specific. 404 

Thermolabiie, definition of the term... 340 

Thermostable, definition of the term. 340 
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Toxin-antitoxin, combination in varying proportions. 512 

dissociation of. 666 
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